




Glucose Sensing in Trypanosoma brucei
Yijian Qiu
Clemson University, sdsjlzsjl@gmail.com
Follow this and additional works at: https://tigerprints.clemson.edu/all_dissertations
This Dissertation is brought to you for free and open access by the Dissertations at TigerPrints. It has been accepted for inclusion in All Dissertations by
an authorized administrator of TigerPrints. For more information, please contact kokeefe@clemson.edu.
Recommended Citation




















In Partial Fulfillment 
of the Requirements for the Degree 
Doctor of Philosophy 









James C. Morris, Committee Chair 
William R. Marcotte Jr 
Kerry S. Smith 




Trypanosoma brucei is the protozoan parasite that causes human African 
trypanosomiasis (HAT, also known as sleeping sickness) and nagana disease in livestock. 
During its life cycle, trypanosomes occupy niches with very different nutrient contents 
and immune features. They use glucose solely for ATP production in the mammalian 
bloodstream while switching to amino acid metabolism in the midgut of the tsetse fly 
vector. A fast and accurate coordination of gene expression with environment alteration 
is critical for the successful parasitization of the two hosts.  
My study focuses on the signaling role of glucose in the development and 
adaptation of T. brucei. I have found that depletion of glucose triggers very distinct 
responses in parasites at different life stages. The lack of glucose is lethal to the 
proliferating long slender bloodstream form, while the absence of the hexose serves as a 
differentiation cue for the quiescent stumpy bloodstream form. Finally, environments 
without glucose are favorable for culture of the procyclic form insect stage. My data also 
suggests the existence of glycolysis independent glucose signaling pathways in T. brucei 
that may guide the development of parasites by regulating major metabolic pathways. 
Blood stage parasites have been found to colonize various mammalian tissues 
besides blood. The consequences of the dynamic glucose concentrations in these tissues 
on parasite behavior are unresolved. Here, we describe how bloodstream parasites 
regulate gene expression at the post-transcriptional level in response to the near-absence 
of glucose. This regulation only occurs when the environmental glucose concentration 
reaches an extremely low level (<10 μM). We also describe a novel stem-loop structure 
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in the 3’ untranslated region the cytochrome c oxidase subunit VI that is responsible for 
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Kinetoplastea is a class of protozoa characterized by the presence of a single 
flagellum and the DNA containing organelle called the kinetoplast (Maddison et al. 
2007). The parasitic members of this class, including Leishmania, Trypanosoma cruzi, T. 
evansi, and T. brucei, are nearly ubiquitous globally, causing serious health issues all 
over the world and putting millions at risk (Simarro et al. 2011). The Leishmania genus 
contains more than twenty human-infecting species that cause a wide spectrum of clinical 
diseases (Peacock et al. 2007). These obligated intracellular parasites are transmitted to 
human by phlebotomine sandflies. Remarkably, these organisms use aneuploidy for 
adaption and as a means to become drug resistant, which adds another level of challenge 
for drug development (Mannaert et al. 2012). T. cruzi, the parasite that causes Chagas 
disease in humans, evolved from ancestors that could only infect wild mammals 
(Hamilton et al. 2012). As a parasite proliferating inside human cells, T. cruzi relies on 
blood-feeding triatomine bugs for transmission but can also be transmitted through non-
vectorial means including mother-to-child-transmission (Buekens et al. 2008). While 
these parasites predominantly impact Latin America, the number of cases reported in 
North America and Europe in increasing (Simarro et al. 2011; Hotez et al. 2013). T. 
evansi, a parasite distributed in Asia and Latin America, originated from T. brucei 
(Luckins 1988; Herrera et al. 2005). These parasites originally only infected mammals 
like horses and water buffaloes (Joshi et al. 2005), but subsequently have broaden their 
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host range to include humans via mechanical transmission by biting flies (Lai et al. 
2008).  
 
I. TRYPANOSOMA BRUCEI 
Three subspecies of African trypanosome, T. brucei gambiense and T. brucei 
rhodesiense, and T. brucei brucei, are responsible for human African trypanosomiasis 
(HAT, also called sleeping sickness) and nagana disease in cattle (Baker 1995). T. b. 
brucei is the only member that is not infectious to humans (Vanhamme et al. 2003) and 
therefore has been used extensively as a laboratory model to study kinetoplastida biology 
and drug development. The other subspecies, T. b. gambiense and T. b. rhodesiense, 
although both pathogenic to human, have distinct epidemiology and clinical patterns 
(Franco et al. 2014).  
T. b. gambiense is distributed throughout western and central Africa. It causes a 
chronic disease named gambiense HAT (Brun et al. 2010). For the last decade, 
gambiense HAT has been the predominant form of the disease, making up 98% of the 
reported cases of African sleeping sickness (Franco et al. 2014). This disease is 
characterized by a long incubation period with infections lasting months or years. During 
this period, patients are mostly asymptomatic, demonstrating occasional enlarged lymph 
nodes and intermittent fever. This stage of infection is usually referred to as the early 
hemolymphatic stage or stage I (Kennedy 2004). However, once parasites penetrate the 
blood-brain barrier and enter into the central nervous system, symptoms of chronic 
lymphocytic meningo-encephalitis start becoming evident. With progressive neurological 
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damage, patient frequently show persistent headaches, somnolence, and sometimes 
remarkable weight loss (Pepin and Meda 2001). This stage of infection is called the late 
encephalitic stage, meningo-encephalitis stage or stage II (Kennedy 2004; Franco et al. 
2014). Besides those mentioned above, symptoms in this stage also include severe itching 
of the skin, neurological deficits, and eventually coma, severe organ failure, and death if 
left untreated (Pepin and Meda 2001; Franco et al. 2014).  
T. b. rhodesiense is usually found in eastern and southern Africa. These parasites 
cause a more aggressive disease named rhodesiense HAT (Brun et al. 2010). This disease 
can quickly progress from stage I to stage II within weeks. Symptoms of infection 
include sweating, fever, rigors, and headache during early infection and later acute renal 
and other organ failure (Jelinek et al. 2002). Rhodesiense HAT is a zoonotic disease, 
impacting both livestock and wild animals. Consistent with the notion that T. b. 
rhodesiense has only recently made the transition to be a human parasite, human 
infection rates are lower when compared to those of T. b. gambiense (Fevre et al. 2004). 
That being said, T. b. rhodesiense has been the causative agent of several severe HAT 
outbreaks (Koerner et al. 1995; Hide 1999; Fevre et al. 2004). Of note, the two human 
pathogenic subspecies share overlap of endemic areas and this common range continues 
to grow, potentially resulting in hybridization of the two species (Fevre et al. 2006).  
The drugs currently used for the treatment of HAT, including pentamidine, 
suramin, melarsoprol, and eflornithine, all have liabilities that suggest that new 
therapeutics are needed. These include noted toxicity (see below), limited usefulness 
against both species and all stages of disease, and growing drug resistance (Delespaux 
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and de Koning 2007; Stewart et al. 2010; Barrett et al. 2011; Baker et al. 2013; Stich et 
al. 2013).  
Pentamidine is a water-soluble diamidine compound that has to be delivered by 
injection, causing local pain, nausea, hypotension, hypoglycemia, and vomiting as side 
effects (Sands et al. 1985). Use of pentamidine against T. b. gambiense has historically 
provided high cure rates (up to 98%) with limited detectable trypanosome resistance 
(Organization 2013; Creek et al. 2015). Unfortunately, this compound is not useful for 
the treatment of rhodesiense HAT and it has very limited activity in stage II parasite 
infection due to it inability to cross the blood-brain barrier. The target and mechanism of 
this drug remain unresolved (Wang 1995) although it has been suggested that the 
compound interferes with glucose metabolism and may disrupt the mitochondrial DNA 
structure (King et al. 1937; Shapiro and Englund 1990).  
Suramin is water-soluble compound that acts by inhibiting many essential 
enzymes. Targets of this drug include RNA polymerase and kinases (Hawking 1978), 
glycerol-3-phosphate dehydrogenase (Fairlamb and Bowman 1980), glycerophosphate 
oxidase (Gutteridge 1985), and reverse transcriptase (Cheson et al. 1987). Suramin also 
causes side effects like nausea and vomiting. Like pentamidine, suramin is not effective 
for treatment of second stage of infection after trypanosomes have penetrated the blood-
brain barrier (Masocha et al. 2007).  
Melarsoprol, an arsenical, has been used successfully to treat second stage 
infection (Chappuis et al. 2005). As a prodrug, melarsoprol is metabolized in humans into 
an active form (Kuepfer et al. 2012) that is taken up by trypanosomes through the 
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adenosine transporter TbAT1 (Stewart et al. 2010). Melarsoprol has major liabilities, 
causing serious side effects including death in about 5-10% of the patients that receive 
the drug (Organization 2013).  
Eflornithine is the newest anti-trypanosomal drug available for treatment of 
African sleeping sickness. The compound is noted for an improved safety profile 
(Chappuis et al. 2005), but it too lacks activity against  T. b. rhodesiense (Priotto et al. 
2009). The side effects of eflornithine include fever, seizures, and death. The application 
of this drug is also limited by its high cost and requirement for intravenous delivery 
(Priotto et al. 2009). Some of the concerns over cost and delivery have been reduced by 
combining eflornithine with nifurtimox, another antiparasitic compound, to yield 
nifurtimox-eflornithine combination therapy (NECT). This combination is less toxic, has 
greater efficacy, and offers some activity against stage 2 infection (Priotto et al. 2009).  
 
II. HOW T. BRUCEI MONITORS AND ADAPTS TO DIFFERENT 
ENVIRONMENTS 
T. brucei transitions between mammalian host and insect vector tsetse fly (of the 
Glossina genus) during its life cycle. In the mammalian host, trypanosomes generally live 
in blood and are referred to as bloodstream form (BF) parasites. BF parasites can be 
further distinguished into long slender (LS) and short stumpy (SS) forms. LS parasites 
have a slender morphology and regularly switch their variant surface glycoprotein (VSG) 
as a mean to avoid the host immune system (Cheung et al. 2016). LS cells constantly 
proliferate by binary fission with a doubling time of ~7 hours, relying on blood glucose 
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and a robust glycolytic pathway to generate ATP (Smith et al. 2017). SS cells are more 
stout than LS cells and are arrested in the G0/G1 phase of the cell cycle (Shapiro et al. 
1984). These parasites also use glucose as their primary carbon source, but unlike the 
cryptic mitochondria found in LS parasites, the SS cells have a more developed 
mitochondria that has increased detectable enzymatic activity associated with 
mitochondrial function (Vickerman 1965). This change is part of the pre-adaption of the 
SS form for transmission to the insect vector (MacGregor et al. 2012). Additional 
differences between SS and LS form parasites include expression of a stumpy form-
specific carboxylate transporter, protein associated with differentiation 1 (PAD1), at high 
levels on the SS cell surface (MacGregor and Matthews 2012), changes to the 
intracellular localization of the lysosome (Vanhollebeke et al. 2010), and use of a protein 
trafficking mechanism distinct from LS parasites to facilitate the perception of 
environment cues required for differentiation (Dean et al. 2009).  
A mixture of LS and SS cells are taken up by a feeding tsetse fly during a blood 
meal on an infected mammal. These parasites move to the fly midgut, where they 
encounter a rapidly changing environment due to the digestive actions of the fly leading 
to depletion of useful nutrients (Wijers 1958). LS cells rapidly lose viability whereas SS 
cells persist and differentiate into the major insect stage parasite, the procyclic form (PF) 
(Turner et al. 1988) (Figure 1.1). PF can be further defined as early or late PF. Both lack 
the VSG coat found on BF parasites and instead express an insect-stage-specific 
procyclin protein on their cell surface. In the case of early PF parasites, both EP procyclin 
and GPEET procyclin are expressed, while late PF cells only express EP procyclin 
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(Imhof et al. 2014). Another characteristic of PF trypanosomes is the presence of 
functional mitochondria-based metabolic pathways. As a consequence, proline is 
important for ATP production in the PF parasite (Lamour et al. 2005; Mantilla et al. 
2017) and they can also metabolize threonine and leucine (Nes et al. 2012; Millerioux et 
al. 2013). Interestingly, experiments using laboratory-adapted PF strains suggest these 
parasites prefer glucose if it is available, although it is rarely found in the fly gut 
environment that the parasites occupy (Lamour et al. 2005; Deramchia et al. 2014). Other 
features of PF parasites include the elongation of the cell body and the positioning of the 
mitochondrial DNA (Sharma et al. 2009).  
8 
 
Figure 1.1. The life cycle of Trypanosoma brucei.  
 
Early PF proliferate inside the lumen of midgut until they invade the 
ectoperitrophic space between the peritrophic membrane and gut wall, where they 
differentiate into late PF and establish a mature infection (Gibson and Bailey 2003). As 
late PF cells migrate toward the anterior end of the ectoperitrophic space, parasites 
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colonize the proventriculus. In this compartment, PF parasites differentiate into the 
mesocyclic form, a stage notable for having a very thin cell body (Sharma et al. 2008). 
Within the proventriculus, the mesocyclic form divides asymmetrically, giving rise to 
both a short and long daughter epimastigote cell. Coincident with the asymmetrical 
division, EP procyclin expression is repressed and another stage-specific surface protein 
called BARP (brucei alanine-rich protein) is upregulated (Urwyler et al. 2005; Urwyler et 
al. 2007). Long epimastigotes are non-proliferative, while short epimastigotes proliferate 
and migrate, eventually reaching the salivary glands (Imhof et al. 2014) where they 
differentiate into non-dividing metacyclic form (MF) parasites after attachment to the 
epithelium of salivary glands (Sharma et al. 2009). This stage reestablishes expression of 
the protective VSG coat and is competent for life in a mammal after injection by the 
feeding fly (Taylor and Rudenko 2006).  
Trypanosomes have successfully colonized multiple niches (both mammal and 
fly), which highlights their ability to adapt their metabolism to different environments. 
BF trypanosomes, the parasites relying on glucose for energy production, occupy a 
spectrum of mammalian tissues and are not limited to the bloodstream. For example, the 
parasites are able to overcome the blood-brain barrier and infect brain (Mulenga et al. 
2001) and they have been found to be enriched in testis (Anosa and Kaneko 1984; Claes 
et al. 2009). More recently, trypanosomes have been found in both fat tissues and skin 
(Capewell et al. 2016; Tanowitz et al. 2016; Trindade et al. 2016). The glucose 
concentrations in these tissues varies from ~5 mM in the blood to ~1 mM in the brain, 
and to even lower (~0.1 mM) in the intertubular tissues of testes (Robinson and Fritz 
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1981; McNay and Gold 1999; Levin 2000; de Vries et al. 2003; Alves et al. 2013). PF 
parasites occupy an environment with almost no glucose available, where they survive on 
amino acids catabolism (Balogun 1974; Vickerman 1985). 
The metabolism and differentiation of the African trypanosome has been studied 
for more than a decade. These efforts have revealed a connection between developmental 
pathways and metabolism, a relationship that enables the parasite to occupy diverse 
niches. Due to limitations in culturing various life stages (particularly stages in fly 
tissues), research has primarily focused on the lifecycle transition of parasite stages that 
can be readily maintained in the lab, including LS, SS, and PF.  
As early-branching eukaryotes (Stevens et al. 1999), trypanosomes possess 
metabolic pathways that have several unique features. Like most of organisms, LS 
parasites break down glucose into pyruvate through glycolysis and generate ATP via 
substrate phosphorylation. However, the majority of the pyruvate derived from glycolysis 
is not further metabolized into acetyl coenzyme A (acetyl-CoA) to feed the TCA cycle 
but rather is secreted from the cell (Bringaud et al. 1998). Only a small amount of 
pyruvate is catabolized into succinate or acetate to provide substrates for fatty acids 
synthesis (Mazet et al. 2013). Due to the lack of an electron transport chain in LS cells, 
the oxidation of NADH produced in glycolysis is catalyzed by a plant-like terminal 
oxidase named the trypanosome alternative oxidase (TAO), which transfer electrons from 
NADH to oxygen without further ATP generation  (Clarkson et al. 1989). The sole 
dependence of the LS on glucose and glycolysis for ATP production have made 
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glycolytic enzymes good targets for drug development (Nihei et al. 2002; Sharlow et al. 
2010). 
Consistent with the normally glucose-free environment that PF cells occupy, the 
insect stage parasites have developed pathways to break down amino acids to satisfy their 
energy needs. In the absence of glucose, proline is the primary energy source for PF 
parasites, being catalyzed into glutamate by proline dehydrogenase (PRODH) and 
pyrroline-5-carboxylate dehydrogenase (P5CDH) (Lamour et al. 2005; Mantilla et al. 
2017). Glutamate is then further converted by glutamate dehydrogenase (GDH) or 
alanine aminotransferase (ALAT) into 2-oxoglutarate, which can be further metabolized 
in the TCA cycle (Coustou et al. 2008; Mantilla et al. 2017). Interestingly, only part of 
TCA cycle has been found to operate in PF cells, although the genes encoding for all 
enzymes in the TCA cycle exist and are expressed in PF (Berriman et al. 2005; van 
Weelden et al. 2005; van Grinsven et al. 2009). The 2-oxoglutarate is catabolized to 
malate, which is not further catalyzed into oxaloacetate but instead is converted into 
pyruvate by the mitochondrial malic enzyme (MEm) (Allmann et al. 2013). ALAT 
further catalyzes pyruvate into alanine, the main end product of this pathway. A small 
amount of pyruvate is also converted into acetate by the pyruvate dehydrogenase 
complex (PDH) and acetate:succinate CoA-transferase (ASCT). Both alanine and acetate 
are secreted outside cells (Mantilla et al. 2017). 
Although it is well accepted that PF survive on amino acids in vivo, experiments 
using laboratory adapted PF (continuously maintained and passed in glucose-rich media 
for decades) have revealed that PF preferentially use glucose to generate ATP (Lamour et 
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al. 2005). These parasites can switch glucose metabolism to proline metabolism (and vice 
versa) within one hour, a mechanism that has been proposed to operate at the metabolic 
level (Coustou et al. 2008). Consistent with this, activities of glycolytic enzymes were 
maintained at high levels and not affected by long-term culturing in the low glucose (0.15 
mM) media SDM80 and the growth rates of these cells in glucose rich or poor media 
were similar (Coustou et al. 2008). PF cells continuously cultured in the presence of 
glucose primarily consume the glucose via glycolysis, even in the presence of proline. 
However, instead of being secreted, most of the pyruvate is converted into acetate, 
probably due to the presence of enzymes like ASCT (Riviere et al. 2004; Bringaud et al. 
2006). Under these conditions, pyruvate is also converted to succinate, which is secreted 
by the cells together with acetate (Smith et al. 2017). Of note, proline metabolism is not 
completely eliminated in these laboratory stains and portions of the proline metabolic 
pathway remain essential, as demonstrated by the lethality of knockdown of some genes 
in the proline catabolism pathway (Coustou et al. 2008).  
In contrast to the fast adaptation of the in vitro-cultured PF in glucose-rich media, 
glucose inhibits the growth of PF trypanosomes isolated from the midgut of tsetse flies. A 
dramatic decrease was observed in both the glucose consumption and cell growth in fly-
isolated PF parasites when compared to their laboratory counterparts (van Grinsven et al. 
2009). The fly-isolated PF parasites share similarities with their cultured relative, 
secreting acetate and succinate as their main catabolic products in glucose-rich media 
(van Grinsven et al. 2009). 
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SS parasite metabolism is not well understood due to the quiescent nature of this 
form and the difficulty in obtaining large numbers of parasites for studies. SS cells can 
utilize glucose, consistent with the fact that they live in the glucose-rich environment of 
the mammalian blood. However, these parasites produce significantly more acetate than 
LS (van Grinsven et al. 2009), a phenomenon attributed to changes in gene expression 
that occur to prepare them for life in the glucose-poor midgut of tsetse fly (Kabani et al. 
2009; MacGregor et al. 2012).  
The spatial organization of metabolism is also unique in trypanosomes. The first 
six or seven steps of glycolysis are compartmentalized in peroxisome-like organelles 
named glycosomes (Gualdron-Lopez et al. 2012a). This compartmentalization is found to 
be essential for the survival of both BF and PF cells (Furuya et al. 2002). Trypanosomes 
have a single mitochondria, which is narrow and tubular in morphology. While the 
function and structure of this organelle is reduced in BF parasites when compared to PF 
parasite, it still serves as the site of oxygen reduction to water by TAO. Additionally, the 
proton electrochemical gradient maintained in the BF mitochondria by ATPase is 
important for phosphate/H+ exchange (Clarkson et al. 1989; Smith et al. 2017). SS 
parasites have a more enlarged and branched mitochondria that contains functional 
components involved in amino acids degradation and the electron transporter chain 
(MacGregor et al. 2012; Silvester et al. 2017). The mitochondrion is further branched in 
PF, housing the metabolic machinery required to produce ATP through oxidative 
phosphorylation (Smith et al. 2017).  
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Metabolic adaptation in response to environmental cues in T. brucei is achieved 
through mechanisms of regulation that impact gene expression and ultimately protein 
abundance. In blood, LS cells irreversibly differentiate into SS when they reach a critical 
density through a quorum-sensing mechanism. The cue for this development progression 
is an as-of-yet unidentified stumpy form-inducing factor (SIF) (Silvester et al. 2017). The 
accumulation of quiescent stumpy form parasites in the blood has been suggested to be a 
way for trypanosomes to restrict the population size and therefore extend the infection 
and facilitate transmission (MacGregor et al. 2011). This ability of the LS to differentiate 
into stumpy form cells in a quorum-dependent manner is referred to as pleomorphism; 
therefore, the trypanosomes that possess this developmental potential are called 
“pleomorphic cells” (Silvester et al. 2017). This pleomorphism has been lost in some 
laboratory strains due to long-term growth and extensive passage which has led to the 
selection of rapidly proliferating “monomorphic cells” that lacked sensitivity to parasite 
density (Ashcroft 1960).  
The fly midgut environment offers challenges for the survival of trypanosomes. 
The temperature (27°C) is lower than in the blood, the pH may be different (potentially 
acidic, pH 5.5), fly proteases are likely active, and glucose levels are low (Nolan et al. 
2000b). The lack of hexose is known to be toxic to LS parasites, but the SS form are 
apparently more resistant to this insult. Not surprisingly, all of these environmental 
factors have been studied as potential cues in the context of differentiation.  
Although the exact physiological conditions of the tsetse midgut are still largely 
unresolved, exposure of parasites to lower pH was proposed as a potential cue for 
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differentiation. Acid stress is known to be lethal to LS but not SS (Nolan et al. 2000a) 
and SS cells exposed to mild acidic (pH 5.5) for two hours switched surface coat 
expression from VSG found on LS parasites to EP procyclin, which is normally found on 
PF cells (Rolin et al. 1993). These cells also resumed growth within one day of treatment 
(Rolin et al. 1998). Growth and EP procyclin expression are now used as the primary 
means to score differentiation (Dean et al. 2009). Similar to exposure to mildly acidic 
conditions, gentle protease treatment using trypsin was found to rapidly kill LS parasites 
while triggering differentiation of SS cells into PF parasites as scored by EP procyclin 
expression (Sbicego et al. 1999). 
SS parasites undoubtedly experience a reduction in temperature as they transit 
from mammalian blood to fly gut. Although the reduction in temperature from 37oC to 
ambient (~27oC is frequently used) does not alone seem to have much impact on the 
developmental progression from BF to PF, it is frequently used in combination with 
another cue, cis-aconitate, to trigger differentiation in vitro (Brun and Schönenberger 
1981; Overath et al. 1986; Ziegelbauer et al. 1990). Cis-aconitate is an analog of citrate, a 
potential substrate of the TCA cycle. It has long been recognized that 6 mM of CCA (a 
mixture of citrate and cis-aconitate) in combination with a temperature reduction triggers 
a “synchronized” differentiation of SS into PF, a process characterized by rapid 
upregulation of EP procyclin expression (within 3 hours) (Silvester et al. 2017).  
The citrate concentration in the natural niches of trypanosomes is much lower 
(~156 μM in human blood and ~15.9 μM in the midgut of tsetse fly (Dean et al. 2009)) 
than that required for differentiation, raising the possibility that this cue is not 
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biologically relevant. However, exposure of SS parasites to a “cold shock”, defined as a 
temperature reduction from 37°C to 20°C, was shown to induce an immediate and 
reversible expression of EP in both LS and SS (Engstler and Boshart 2004). Strikingly, 
after 16 hours of cold shock, SS cells become hypersensitive to cis-aconitate, with 0.6 
μM to 60 μM cis-aconitate triggering growth within two days (Engstler and Boshart 
2004). The cold shock-induced increase in CCA sensitivity has been attributed to the 
cold-induced upregulation and surface localization of PAD2, the hypothetical citrate 
transporter (Dean et al. 2009). Based on this model, citrate transporters are upregulated 
by cold shock in both LS and SS parasites but only localized to cell surface in SS cells 
through an unknown mechanism. As a result, SS parasites can perceive the low 
concentration of citrate, which then initiates the differentiation program (Dean et al. 
2009). 
The role of glucose signaling has been described in yeast, plants and human 
(Conrad et al. 2014; Smeekens and Hellmann 2014; Efeyan et al. 2015), but little is 
known about glucose signaling in T. brucei. In laboratory adapted PF cells, addition of 10 
mM glucose to low glucose media (SDM80, which has abundant proline) triggers a 
decrease in both the proline uptake and metabolism rates. Consistent with this 
observation, PRODH, the first enzyme in the proline degradation pathway, was repressed 
at both the transcript and protein levels after the addition of glucose (Lamour et al. 2005). 
Growth of cultured PF cells was also observed to be inhibited by 2-deoxyglucose (2-
DOG) but only in low glucose media, suggesting proline catabolism could also be 
repressed by this glucose analogue (Lamour et al. 2005).  
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The role of glucose in the context of differentiation has been tested twice. In the 
first work, monomorphic BF cells were incubated at 37°C in a modified PF media that 
lacked hemin and contained ~7 μM glucose supplemented with 30 mM glycerol to serve 
as an alternative carbon source for the parasites. Detectable cell growth was observed 
after two days of treatment. During the same period, EP procyclin was expressed on the 
surface of the cells (Milne et al. 1998). This differentiation environment, with markedly 
reduced glucose levels, mirrors what would likely be found in the midgut of the tsetse fly, 
as rapid depletion of glucose from the blood meal has been observed (Vickerman 1985). 
However, this form of differentiation may reflect an artificial cell response to stress. The 
differentiation was preceded by a significant loss in cell number and a high concentration 
of glycerol was required to serve as an alternative carbon source, which is probably not 
similar to the environment the parasite encounters in the tsetse fly midguts. It also raises 
the question of why these parasites would need to use glycerol as an energy source when 
amino acids are readily available in the environment. Also, the outgrowth and EP 
procyclin expression occurred two days after treatment; this delay has been considered to 
be too long to be physiologically-relevant, particularly given that SS parasites have been 
shown to initiate EP procyclin expression within hours of differentiation (Szoor et al. 
2013). It is important to note that monomorphic BF parasites rather than a pleomorphic 
strain were used in the experiment. These parasites cannot become SS forms, so it is 
unclear whether this differentiation phenotype is similar to that found in nature.  
The notion that glucose depletion serves as a differentiation cue has been 
questioned by a second set of experiments involving pleomorphic cells. In this work, it 
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was demonstrated that low glucose (~0.5 mM) alone was not able to induce EP procyclin 
expression on the surface of SS within 48 hours. Additionally, treatment of LS parasites 
with a glucose uptake inhibitor, phloretin, failed to trigger differentiation to PF forms 
(Szoor et al. 2013).  
These results suggest that glucose depletion is not sufficient to serve as a cue for 
differentiation. However, there are several potential issues with these experiments. First, 
glucose is known to be depleted to an undetectable level within 15 minutes in the midgut 
of tsetse flies during a blood meal (Vickerman 1985). This raises the possibility that 0.5 
mM glucose may not be low enough to recapitulate the fly gut environment. Second, 
phloretin is known to interfere with multiple membrane processes, making interpretation 
of those experiments challenging. In addition, even if the lack of specificity of phloretin 
were not responsible for the results, the compound is a modest glucose uptake inhibitor, 
repressing ~40% of glucose uptake at the concentration (100 μM) at which it was used 
(Seyfang and Duszenko 1991). Additionally, the failure to test the impact of phloretin on 
differentiation competent SS parasites (LS parasites were used and are not as competent 
for differentiation in general) makes interpretation difficult. Because the phloretin-treated 
LS cells were resuspended in high glucose SDM79, it was possible that even if 
differentiation had been initiated by phloretin, it may have been inhibited by the 
restoration of the high levels of glucose in the environment. 
 
III. GLUCOSE SENSING IN THE KINETOPLASTIDA 
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The presence of glucose signaling pathways across kingdoms points to the 
importance of the mechanism that has been maintained during evolution (Conrad et al. 
2014; Smeekens and Hellmann 2014; Efeyan et al. 2015). To begin to identify potential 
components of this signaling pathway in the early-branching kinetoplastida, components 
from model eukaryotic glucose signaling pathways have been used to interrogate the 
kinetoplastid genomes and the evidence of homologs in kinetoplastida parasites is 
reviewed below. The review was published as a book chapter in Advances in Medicine 
and Biology. Vol. 105 ISBN: 978-1-63485-929-5 Editor: Leon V. Berhardt. 
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As a consequence of the different environmental niches occupied during their 
lifecycle, trypanosomes have evolved mechanisms to regulate cellular and metabolic 
responses. The diverse environments found in the vectors, which are typically arthropods, 
can include the alimentary tract (and all of the diverse sub-compartments therein), 
hemolymph, and salivary glands. In the mammalian host, niches include blood, 
interstitial and lymphatic fluids, organs, and, for some trypanosomes, subcellular 
compartments. Here, we will review the literature that informs our understanding on how 
trypanosomes monitor and respond to nutrients in their environment, with a focus on a 
key metabolite, glucose. The goal of this review is to address mechanisms that enable the 
parasites to respond to difference in availability of this critical nutrient in the suite of 




Glucose is the preferred carbon source for organisms ranging from fungi to 
mammals (Rolland et al. 2002a; Rolland et al. 2002b; Towle 2005; Deutscher 2008). This 
conserved preference requires a mechanism, referred to as glucose sensing, that perceives 
the environmental cue and transmits the information to cellular machinery that 
consequently modulates metabolic machinery in order to catabolize the hexose 
preferentially over other potentially available nutrients. 
Glucose is an important metabolite for parasitic members of the class 
Kinetoplastea. These include the African trypanosome, Trypanosoma brucei, the 
American trypanosome, T. cruzi, and parasites of the genus Leishmania. The diseases 
these organisms cause typically burden the poorest of peoples and have a crippling 
impact on the societies in which they occur. Despite the widespread impact, there 
remains a need for affordable and efficacious therapeutics, a situation that propels the 
search for essential parasite pathways that can be targeted for therapeutic development. 
While members of the same Class with lifecycle stages that are phenotypically 
very similar in appearance, the parasitic Kinetoplastea have distinct biologies. The 
vectors and methods of transmission are different, with the African trypanosome and 
Leishmania parasites spread by biting flies during bloodmeals (the tsetse fly and 
sandflies, respectively) while the American trypanosome is deposited in the feces of 
blood feeding Triatominae bugs. Beyond the distinct vector environments that these 
organisms encounter, they also occupy different mammalian host niches. In the mammal, 
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the African trypanosome is exclusively an extracellular parasite, while T. cruzi and 
Leishmania spp. can inhabit intracellular niches as amastigotes. 
These differences in lifestyle have forced the parasites to evolve different 
mechanisms for resolving the challenges of satisfying nutrient demands, including the 
elaboration of different mechanisms for environmental sensing. This review will consider 
the acquisition of a key metabolite, glucose, and how acquisition, subcellular distribution, 
and cellular perception pathways trigger downstream events that ultimately impact 
developmental programs. Through this analysis, paradigms common to mechanisms that 
kinetoplastid parasites use to respond to environmental nutrient availability will be 




Eukaryotic glucose uptake and response pathways 
Use of glucose as a carbon source for the generation of ATP as well as a 
hormone-like signaling molecule has been described in diverse eukaryotes ranging from 
fungi to mammals. In these different organisms, glucose impacts metabolism and 
physiology through sophisticated signaling pathways that share some commonalities 
(Rolland, Moore et al. 2002, Rolland, Winderickx et al. 2002, Towle 2005, Deutscher 
2008). 
Saccharomyces cerevisiae has been the subject of intensive studies focused on 
glucose signaling mechanisms (Pasula, Jouandot et al. 2007). As a master signal, glucose 
can trigger a remodeling of metabolism as well as physiological changes via almost every 
level of gene regulation, from transcription to post-translational control. These regulatory 
responses are mediated by an extremely elaborate signaling system, with several major 
pathways being responsible for transducing either extracellular or intracellular glucose 
levels into recognizable signals. Additionally, crosstalk through other general regulators, 
like TOR, phospholipase C, and Ca2+ responsive systems leads to a spectrum of 
responses (Gancedo 2008). 
The uptake of glucose, considered as the first rate-limiting step for glucose 
metabolism, contributes significantly to glucose signaling responses. There are six known 
hexose transporters (Hxt1, 2, 3, 4, 6, and 7) in S. cerevisiae to facilitate the import of 
glucose from the environment (Boles and Hollenberg 1997, Reifenberger, Boles et al. 
1997). These transporters, with various affinities for glucose, are subject to expression 
regulation according to the availability of environmental glucose. While the activity of 
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the constitutively expressed hexose transporter Hxt3 (a glucose transporter with 
intermediate affinity to glucose) can be stimulated by increased environmental glucose, 
yeast exclusively express Hxt1, a low-affinity transporter, when extracellular glucose is 
high (> ~56 mM) (Ozcan and Johnston 1999). The expression of the high affinity 
transporters Hxt2, Hxt4, Hxt6, and Hxt7 is limited to periods of growth in low glucose 
(~5.6 mM) environments. The regulation of the expression of these transporters generally 
occurs at the transcriptional level, with additional layers of post-translational regulation 
for several (Hxt6 and Hxt7, for example) (Krampe, Stamm et al. 1998, Ozcan and Johnston 
1999, Santangelo 2006, Broach 2012). 
S. cerevisiae monitors and responds to changes in glucose availability primarily 
through three signaling pathways: the cAMP-PKA pathway, the Rgt2/Snf3 pathway, and 
the Snf1-Mig1 pathway (Figure 1.2). These pathways generally work through regulation 
of gene expression at the mRNA level. They are coordinated such they share information 
through the action of central regulators, yielding precise control over glucose uptake and 
metabolism (Belinchon and Gancedo 2007, Kim, Roy et al. 2013). 
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Figure 1.2. The glucose signaling network in S. cerevisiae. The cAMP-PKA (yellow), the Rgt2/Snf3 
(purple) and the Snf1-Mig1 (green) pathways are indicated. The kinetoplastid genomes harbor putative 
homologs of the proteins in bold. 
The cAMP-PKA pathway modulates cellular cAMP levels based on the 
availability of environmental glucose and can have an impact on the expression of on a 
suite of genes involved in metabolism (Kim and Johnston 2006, Palomino, Herrero et al. 
2006). The main targets of this repression pathway include the HXK2 (a hexokinase), 
GLK1 (glucokinase), TKL2 (transketolase), FOX2 (a bifunctional hydroxyacyl-CoA 
dehydrogenase/enoyl-CoA hydratase), COX6 (cytochrome c oxidase subunit 
VI) and HXT (hexose/glucose transporter) genes (Harashima and Heitman 2002, 
Gancedo 2008, Kim, Roy et al. 2013). 
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In glucose rich environments, glucose bound Gpr1, a transmembrane protein, 
interacts with Gpa2, a Gα subunit-like protein with no Gβ or Gϒ subunits associated with 
it (Xue, Batlle et al. 1998, Yun, Tamaki et al. 1998, Lemaire, de Velde et al. 2004). This 
interaction stimulates transition of the protein to a GTP-bound state. Coincidently, Ras1/2 
are activated by conversion to a GTP-bound form (Rolland, de Winde et al. 2000). The 
activated Gpa2 and Ras1/2 in turn   activate the adenylate cyclase Cyr1, leading to a 
rapid increase of intracellular cAMP levels (Toda, Uno et al. 1985, Santangelo 2006). 
The increased cAMP triggers the dissociation of the PKA regulatory subunit Bcy1 from 
the catalytic subunit of PKA (Tpk1/2/3), leading to kinase activation (Toda, Cameron et 
al. 1987, Kaps, Kettner et al. 2015). When phosphorylated by PKA, the transcriptional 
repressor Rgt1 dissociates from the Ssn6-Tup1 complex, triggering derepression of target 
genes (Kim and Johnston 2006, Jouandot, Roy et al. 2011). 
In the absence of glucose, the GTPase-activating proteins Ira1/2 in collaboration 
with the G protein-signaling regulator Rgs2 facilitate the formation of GDP-bound Gpa2 
and Ras1/2 (Colombo, Ma et al. 1998, Versele, de Winde et al. 1999). This leads to a 
reduction in Cyr1 activity, which in turn results in reduced cAMP levels. The inhibitory 
subunit Bcy1 in turn binds Tpk12/3, negatively regulating the activity of PKA, allowing 
Rgt1 to form a repression complex with Ssn6-Tup1, inhibiting the transcription of 
regulated genes (Palomino, Herrero et al. 2006, Jouandot, Roy et al. 2011). 
The Rgt2/Snf3 pathway, also called the glucose induction pathway, is mainly 
responsible for the regulation of glucose transporters (Ozcan and Johnston 1999, Kaniak, 
Xue et al. 2004, Johnston and Kim 2005). In glucose rich environments, Rgt2, a 
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transmembrane Hxt-like protein on the cell surface binds to the extracellular glucose and 
changes its conformation into an active state. Activated Rgt2 in turn activates the type I 
casein kinases Yck1/Yck2 (Moriya and Johnston 2004), which phosphorylates the 
glucose responsive transcription factors Mth1 and Std1 (Schmidt, McCartney et al. 1999, 
Pasula, Chakraborty et al. 2010). Phosphorylated Mth1 and Std1 are ubiquitinated by the 
ubiquitin ligase complex SCFGrr1 and consequently degraded (Ozcan and Johnston 
1995, Spielewoy, Flick et al. 2004, Kim, Brachet et al. 2006). Elimination of Mth1/Std1 
exposes the Rgt1 phosphorylation site (Tomas-Cobos and Sanz 2002, Mosley, 
Lakshmanan et al. 2003#5), leading to its phosphorylation and dissociation from the 
promoter of glucose induced genes like HXT2 and HXT4 resulting in an increase of their 
expression (Kim, Polish et al. 2003, Mosley, Lakshmanan et al. 2003). When 
environmental glucose levels are low, Snf3, an Hxt-like protein is activated and 
stimulates the expression of genes involved in the response to low-glucose, including 
HXT1 and HXT3 (Ozcan, Dover et al. 1996, Schmidt, McCartney et al. 1999). 
In the absence of glucose, the glucose responsive transcription factors Mth1 and 
Std1 interact with Rgt1 (Tomas-Cobos and Sanz 2002, Lakshmanan, Mosley et al. 2003). 
This interaction not only blocks PKA-dependent Rgt1 phosphorylation in glucose-
deficient environments (Polish, Kim et al. 2005) but also antagonizes the negative 
regulation of the general repressor complex Ssn6-Tup1, leading to increased Rgt1 




The Snf1-Mig1 pathway, also called the AMPK or glucose repression pathway, 
primarily inhibits the expression of genes involved in glucose oxidation and alternative 
carbon substrates metabolism (Carlson 1999, Hedbacker and Carlson 2008). Yeast cells 
grown in a glucose rich environment can actively import glucose using Hxts (Polish, Kim 
et al. 2005). As a consequence of glucose uptake, Snf1, the homolog of the mammal 
AMP-activated protein kinase (AMPK) is repressed due to the kinase being 
dephosphorylated by the Glc7-Reg1 phosphatase complex. These protein complexes can 
also regulate the phosphorylation state of proteins like Hxk2 (hexokinase PII, one of the 
two hexokinases in yeast) and the transcriptional repressor Mig1 (Fernandez-Garcia, 
Pelaez et al. 2012). The dephosphorylated Hxk2 and Mig1, coupled with the repressor 
Mig2, form a complex and remain sequestered in the nucleus, where Mig1/2 recruits the 
general repressor complex Ssn6-Tup1 and inhibits RNA polymerase II from binding to 
the promoter of the regulated genes (Gancedo 2008). 
When glucose is limited, Snf1 protein kinase is activated when phosphorylated at 
Thr210 by the upstream kinases Sak1/Tos3/Elm1. The subsequent phosphorylation of 
Mig1 and Hxk2 leads to the dissociation of the repressor complex and relocalization of 
Mig1 and Hxk2 to the cytoplasm. As a consequence, genes involved in alternate carbon 
source metabolism are de-repressed (Gancedo 2008, Kaps, Kettner et al. 2015). 
Glucose sensing pathway influence beyond transcriptional regulation 
In addition to the comparatively well-resolved mechanisms of transcriptional 
regulation described above, glucose levels can alter cellular processes at post-
transcriptional, translational, and post-translational levels. 
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Post-transcriptional impact: Changes in glucose availability can alter the stability 
of multiple mRNAs (Scheffler, de la Cruz et al. 1998, Yin, Wilson et al. 2003). High 
levels of glucose accelerate the degradation of mRNAs for genes encoding proteins 
involved in alternative carbon source utilization and gluconeogenesis, including SDH2 
(an iron-protein subunit of succinate dehydrogenase), SUC2, JEN1 (a lactate-proton 
transporter), ADH2 (an alcohol dehydrogenase), PCK1 (phosphoenolpyruvate 
carboxykinase) and FBP1 (fructose 1, 6-bisphosphate 1-phosphatase) (Lombardo, 
Cereghino et al. 1992, Yin, Hatton et al. 2000, Andrade, Kötter et al. 2005). The presence 
of glucose also triggers the stabilization of a number of mRNAs, notably those encoding 
ribosomal proteins such as RPL3 (a ribosomal 60S subunit protein L3), RPL24 (a 
ribosomal 60S subunit protein L24), RPS4 (a ribosomal 40S subunit protein S4) and 
RPS6 (a ribosomal 40S subunit protein S4) (Yin, Wilson et al. 2003). Although the exact 
mechanisms involved in this regulation are not known, the control is a least partially 
achieved through the Snf1 or cAMP mediated pathways (Braun and Young 2014). 
Evidence supporting this notion includes the ablation of this effect in a reg1 mutant strain 
and the increase in turnover of PCK1 and SDH2 mRNA seen in cells incubated with 
cAMP (Sanz 2007). Additionally, Hxk2 is required for the enhanced degradation of 
SDH2 mRNA, while Snf1 is necessary for the ADH2 mRNA turnover (Cereghino and 
Scheffler 1996, Yin, Hatton et al. 2000, Braun and Young 2014). Recently, three proteins 
specifically phosphorylated by Snf1, Dhh1 (a DExD/H-box ATP-dependent helicase), 
Xrn1 (an exonuclease), and Ccr4 (a CCR4-NOT core exoribonuclease subunit) were 
found to be necessary for glucose induced mRNA ablation (Braun and Young 2014). 
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Translational impact: Glucose abundance also impacts mRNA translational rates. 
In yeast, glucose deprivation results in rapid repression of translation rates in general, 
which can be reversed rapidly by adding glucose back to the environment (Ashe, De 
Long et al. 2000). This form or response is limited to glucose and fructose, as other 
carbon sources are unable to rescue translation. Further, the response occurs without the 
involvement of other known translation-inhibition pathways including the amino acid 
starvation and TOR kinase inactivation pathways (Ashe, De Long et al. 2000). 
Evidence suggests that the three primary glucose signaling pathways can impact 
translational regulation. For example, repression of translation is blocked in a variety of 
yeast mutants with defects in components of the pathways, including reg1, glc7, hxk2, 
rgt2, snf3, and tpk1w (Ashe, De Long et al. 2000).  In the absence of glucose, Pat1 (a 
topoisomerase II-associated protein), Dhh1, or Sbp1 (a single-strand nucleic acid binding 
protein) are involved in inhibiting translation initiation (Coller and Parker 2005, Segal, 
Dunckley et al. 2006). Dhh1 is also a known substrate subject to phosphorylation by Snf1 
(Braun, Vaga et al. 2014). 
Post-Translational Influence: Changes in glucose can lead to the activation or 
inactivation of down-stream effectors through a number of post-transcriptional 
modifications, particularly phosphorylation (Braun, Vaga et al. 2014). As a consequence 
of modification, the steady-state abundance of targeted proteins can be altered either by 
targeted turn-over or enzymatic activity can be enhanced. Further, protein function can be 




Proteins destined for degradation as a consequence of glucose availability may be 
targeted (in yeast) to the vacuole for destruction or may be destined for proteosomal 
degradation (Chiang and Schekman 1991, Schork, Thumm et al. 1995, Shieh, Chen et al. 
2001). The mechanisms that regulate the path chosen for degradation are complex and 
involve various components of glucose sensing pathways (Horak, Regelmann et al. 2002, 
Hung, Brown et al. 2004, Belinchon and Gancedo 2007). 
Enzyme activity can also be enhanced upon introduction of glucose into the 
environment. First, glucose triggers a Ras-mediated activation of adenylate cyclase 
(Shima, Okada et al. 2000). Ras behavior is altered by an increase in GTP loading, in part 
due to inhibition of Ira1/2, which are responsible for increasing Ras GTPase activity 
(Colombo, Ronchetti et al. 2004). As a consequence of increased cAMP, PKA is 
activated to phosphorylate a spectrum of protein substrates to alter their activities and 
impact overall cell behavior (Dihazi, Kessler et al. 2003). 
Catabolite repression, the inactivation of proteins due to the presence of glucose, 
is a well-characterized response that is in part due to PKA phosphorylation of target 
enzymes (Gancedo 1998). Other protein kinases also participate, with Snf1 being a 
primary example. In response to glucose, Snf1 is activated  to play a significant role in 
regulating glucose responses (see above), in part due to the activation of the Snf1 
dephosphorylating enzyme complex Glc7-Reg1 (Sanz, Alms et al. 2000) or by inhibiting 
the protein kinases Sak1, Tos3 and Elm1 that phosphorylate Snf1 (Hong, Leiper et al. 
2003, Sutherland, Hawley et al. 2003). 
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Glucose also regulates the assembly of some protein complexes to modify their 
activity (Parra and Kane 1998, Bond and Forgac 2008). V-ATPases, for example, are 
multi-subunit proton pumps that are responsible for the acidification of organelles and/or 
extracellular environment. Glucose can reversibly regulate the activity of V-ATPase by 
modulating the assembly of the major domains of the pump (Parra, Chan et al. 2014). 
Regulation of this responsiveness involves both glucose metabolism and signaling 
(Sautin, Lu et al. 2005, Bond and Forgac 2008, Chan and Parra 2014) with the cytosolic 
pH change through V-ATPase acting as a feedback signal to regulate the cAMP-PKA 
pathway, which in turn activates glycolysis (Dechant, Binda et al. 2010, Smets, 
Ghillebert et al. 2010). 
African trypanosomes and glucose sensing 
Trypanosoma brucei spp. endemic to sub-Saharan Africa cause two mammalian 
diseases—African trypanosomiasis in humans and nagana in livestock. Transmission of 
the parasite to a mammalian host occurs with the transfer of parasites from an infected 
tsetse fly to the mammal as the fly takes bloodmeal. The lifecycle continues when a fly 
takes a bloodmeal from an infected mammal. 
Organisms that occupy multiple biological niches must adapt their metabolism to 
different environments. As T. brucei moves from the mammalian bloodstream to the 
tsetse gut and migrates to the salivary glands, the parasite is exposed to a variety of 
environmental cues. These include proteases and pH changes in the insect gut, fluctuating 
temperatures (the fly is a poikilotherm, so nighttime temperatures may be significantly 
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less than day), and exposure to different small molecules, both as the bloodmeal is 
digested by the fly and during migration through fly tissues. 
For a small molecule to serve as an effective “signal” for a particular 
environment, its availability must change from one niche to another. Glucose is an 
example of such a molecule. Parasites ingested by a feeding tsetse fly experience a rapid 
drop in glucose concentration, with the sugar in the blood nearly depleted in ~15 minutes 
(Vickerman 1985). Bloodstream form (BSF) parasites, which are absolutely dependent on 
glycolysis for ATP production, may also encounter changes in glucose concentrations. 
Both cerebrospinal fluid and blood glucose concentrations increase in febrile children 
(Kiviranta, Airaksinen et al. 1995) (fever is frequently associated with trypanosomiasis),   
while mice infected with T. b. rhodesiense have decreased serum glucose (Moon, 
Williams et al. 1968). In a study using the mammal model Microtus montanus, infection 
with T. b. gambiense triggered a decrease in blood glucose level below the average 
range (from ~90 mg/dl to ~70 mg/dl) (Ashman and Seed 1973). This concentration 
further declined to ~ 20 mg/dl at 20 days after infection. Surprisingly, the products of 
energy metabolism like urinary pyruvate and lactate increased in the last 10 days, 
suggesting an increased carbohydrate catabolism in the infected animal. Variance in 
blood glucose concentration upon trypanosome infection has been observed in several 
studies in M. montanus and other animal models, leading to the suggestion that 
trypanosomes may disturb host carbohydrate homeostasis through rapid metabolism 
(Goodwin and Guy 1973, Whitelaw, Macaskill et al. 1980, Wang, Utzinger et al. 2008). 
Once across the blood-brain barrier, T. brucei encounters a distinct environment, with 
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glucose concentrations only 15-20% of that found in blood (McNay and Gold 1999, 
Levin 2000, de Vries, Arseneau et al. 2003). 
Glucose uptake and subcellular distribution in african trypanosomes 
Acquisition of environmental glucose begins with import. The T. brucei genome 
encodes two hexose transporters, THT1 and THT2. Both transporters are members of the 
facilitated glucose transporter GLUT1 family (Bouillet, Cardoso et al. 2012). The BSF 
parasites primarily express THT1, which has lower affinity for substrate than the PF-
predominant THT2 (Bringaud and Baltz 1993, Barrett, Tetaud et al. 1998). The 
subcellular localization of these proteins is unknown. 
In all kinetoplastids, glucose metabolism is initiated in an essential parasite-
specific organelle, the glycosome. Glycosomes are related to other microbodies, 
including peroxisomes and glyoxysomes (Michels, Bringaud et al. 2006, Antonenkov, 
Grunau et al. 2010). While these organelles are related based on conserved biosynthetic 
mechanisms and general morphology, their functions are not entirely overlapping, with 
the glycosome being unusual in harboring the first portion of the glycolytic pathway. This 
includes housing the two ATP-consuming enzymes components, hexokinase and 
phosphofructokinase. These enzymes are unusual in that they are not subject to feedback 
inhibition by their product, suggesting that compartmentalization prevents unwarranted 
ATP consumption in the presence of glucose. 
While compartmentalization protects the cell from unregulated enzymes, it creates 
a boundary for exchange of small molecules with the cytoplasm, including glucose. 
Peroxisomes overcome limitations placed on small solute uptake through the employment 
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of pores that selectively allow inorganic ions and hydrophilic metabolites to pass while 
blocking other molecules including ATP (Antonenkov, Sormunen et al. 2004, 
Antonenkov, Grunau et al. 2010). Glycosomes also harbor pores with behavior that 
suggests that they are water-filled in the membrane and as such would be classified as 
"non-selective" channels (Gualdron-Lopez, Vapola et al. 2012). While these could 
participate in the transport of glycolytic intermediates, the precise identity of transport 
machinery involved in both glucose uptake and glycolytic intermediate efflux to the 
cytoplasm for completion of glycolysis remains elusive. 
T. brucei glucose response pathways 
Manipulation of glucose levels provided to culture-grown trypanosomes triggers 
changes in gene expression, supporting the hypothesis that the sugar may participate in 
cell physiology beyond ATP production. Carbon source availability particularly impacts 
developmental programs. Cultured BSF cells can be prompted to express procyclic form 
(PF) parasite characteristics by removal of glucose from the growth medium, even at 
37oC (Milne, Prescott et al. 1998). Additionally, replacement of glucose with glycerol 
triggers BSF parasites to change their predominant surface molecule, variant surface 
glycoprotein, to procyclin, a typical PF surface protein (Milne, Prescott et al. 1998). Last, 
transcriptome analysis has revealed that glucose transport inhibitors elicit a genome-wide 
change in expression in BSF parasites that shares features with changes found during 
differentiation (Haanstra, Kerkhoven et al. 2011). 
While the mammalian infectious trypanosome is dependent on host glucose for 
ATP production, insect stage PF parasites have a more dynamic metabolism being 
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capable of utilizing either amino acids or sugars as carbon sources. However, PF 
parasites preferentially use glucose if it is available (Lamour, Rivière et al. 2005). This 
ability to perceive and respond to different available carbon by modulation of metabolic 
pathways has parallels to nutrient signaling in other organisms (Coustou, Biran et al. 
2008, Ebikeme, Peacock et al. 2008). 
Beyond modulation of metabolic pathways, PF responses to glucose include 
alteration of surface molecules in response to glucose. Expression of the hexose 
transporter THT2 has been found to be up-regulated in parasites cultured in a low (0.56 
mM) glucose media (Bringaud and Baltz 1993). RNAi silencing of glycolytic genes, 
including the T. brucei hexokinases (TbHKs), disrupts the developmentally coordinated 
expression of surface molecules in PF parasites, suggesting a connection between the 
metabolic pathway and development (Morris, Wang et al. 2002). Further, GPEET 
procyclin surface expression is regulated by mitochondrial enzymes in response to 
changes in glucose concentrations in the culture medium (Vassella, Probst et al. 2004). 
T. brucei glucose sensing pathways will be different from other eukaryotes for 
several key reasons. First, transcription factors will likely not be the ultimate effector of 
the response, as gene regulation in these organisms occurs primarily post-
transcriptionally due to the polycistronic transcription mechanism the parasite employs. 
This finding explains the lack of glucose responsive transcription factors Rgt1 and Mig1 
in the kinetoplastid genomes. Second, the parasite apparently lacks proteins homologous 
to heterotrimeric G-protein coupled receptors, a class of signaling molecules typically 
38 
 
associated with environmental interactions. Again, this makes the lack of an ortholog to 
Gpr1 in the kinetoplastids less surprising. 
Although little is known about the specific mechanisms involved in kinetoplastid 
glucose sensing, it is clear that the parasites harbor components of all three typical 
eukaryotic glucose response pathways (Table 1.1, Figure 1.1). Functionally validated 
orthologs includes parasite hexose transporters and hexokinases. Additionally, two of the 
three components of the heterotrimeric AMPK (β, γ) signaling complex have been 
described in T. brucei and these have been shown to play a role in regulation of surface 
molecule expression (Clemmens, Morris et al. 2009). Although the homologous proteins 
in T. brucei seem insufficient to complete glucose-induced transcriptional modulation 
responses, the parasite harbors certain homologs (like Rgt2, Snf3, and Hxk2) that may 
participate in the perceptions of glucose (Table 1.1). Transduction of the sensing through 
master phosphatases and kinases (like Glc7 and Snf1) followed by activation of potential 
effectors (like Dhh1, Xrn1 and Ccr4) could yield phenotypic responses that are important 
to parasite biology (Li, Irmer et al. 2006, Kramer, Queiroz et al. 2010, Lueong, Merce et 
al. 2016). The presence of validated and putative orthologs (Table 1.1), plus observed 
rapid expression change of a series of mRNAs after a manipulation of environmental 
glucose, strongly suggests the existence of a glucose signaling pathway targeting specific 
mRNA in the trypanosome (Qiu and Morris, unpublished). 
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Table 1.1 Putative and experimentally validated kinetoplastid orthologs of S. cerevisiae glucose-
sensing pathway components1 








(Langford, Burchmore et al. 1994, 






















































































































(Schwede, Ellis et al. 2008) 
 
1This list consists of predicted protein sequences with lowest E value score (of potentially multiple hits) 
after query with the S. cerevisiae protein against the indicated genome sequences. Only sequences with E 
values less than 1.00E-30 were included. 
2Genomes used in this search include: T. brucei Lister strain 427, T. cruzi Sylvio X10/1, and L. donovani 
BPK282A1. E values are provided in parentheses below the gene identification number. 
3A search using the yeast protein yielded no hits. Searching with the L. donovani hit identified the indicated 
protein (with E value relative to the L.donovani sequence). 
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Glucose Sensing In Leishmania 
Parasites in the genus Leishmania include the causative agents of some of the 
most widespread and common kinetoplastid parasites. The Leishmania lifecycle includes 
two main stages, the extracellular flagellated promastigote, which lives in the gut of the 
sandfly vector, and the intracellular amastigote with a short, non-motile flagellum. 
During a blood meal, metacyclic promastigotes are transferred to the mammalian host. 
These promastigotes are cleared by host phagocytic cells, which provide a refuge for the 
parasites. Promastigotes persist intracellularly in a phagosome-like compartment, the 
parasitophorous vacuole, prior to transforming into amastigote forms. Amastigotes then 
proliferate until the host cell ruptures, after which they colonize new cells (Burchmore 
and Barrett 2001). 
Coincident with the different lifecycle stages are differences in metabolic 
strategies, in part in order to provide precursors needed to express a diversity of surface 
glycoconjugates. Hexose metabolism and surface molecule biosynthesis are connected by 
a requirement for phosphorylated hexoses including glucose-6-phosphate and mannose-6-
phosphate (Glc6P and Man6P, respectively). These sugars have a number of potential 
fates, including being metabolized through glycolysis for ATP production, being directed 
to the pentose phosphate pathway for DNA and RNA precursors, or being used to 
generate sugar-nucleotides for glycoconjugate biosynthesis. 
Given the diverse set of pathways in which phosphorylated sugars participate, it is 
not surprising that hexose uptake and phosphorylation are important to the parasite. 
Glucose uptake, for example, is critical for promastigote parasite infection of 
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macrophages (Burchmore, Rodriguez-Contreras et al. 2003). Mannose metabolism is 
important for pathogenic promastigote and amastigote forms, likely due to its role in 
mannogen biosynthesis; mannogen makes up more than 80% of the carbohydrate in these 
lifecycle stages, suggesting it is the primary energy reserve for the parasite (Ralton, 
Naderer et al. 2003, Sernee, Ralton et al. 2006). 
Parasites acquire sugars from a variety of sources. Unlike the vectors of other 
kinetoplastids, the gut of sandflies can be replete with hexoses because the fly's major 
foods are sugar-rich plant fluids (Anez, Lugo et al. 1994). L. mexicana encodes three 
hexose transporters, LmxGT1, 2 and 3. These proteins have different subcellular fates, 
with LmxGT2 and 3 being localized to the plasma membrane while LmxGT1 is a 
flagellar membrane protein (Piper, Xu et al. 1995). LmxGT2 being downregulated in the 
amastigote stage (Burchmore, Rodriguez-Contreras et al. 2003) parallels the decrease in 
glucose transport noted when the gut dwelling promastigotes transform to amastigotes. 
These changes in glucose uptake and transporter regulation are likely an 
adaptation to a new environment (Burchmore and Hart 1995). This coincides with up-
regulation of fatty acid metabolism, perhaps reflecting available nutrients (Hart and 
Coombs 1982). Supporting this, the parasitic phagosome is a glucose-poor environment 
(Burchmore and Barrett 2001). 
Additional insight into Leishmania glucose sensing comes from research on the 
parasite flagellum. This propulsion system also serves as a sensory organelle in other 
systems, suggesting that it allows the parasite to communicate with its environment 
(Pazour and Witman 2003, Berbari, O'Connor et al. 2009). Several potential sensors have 
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been localized to flagellum (Piper, Xu et al. 1995, Oberholzer, Langousis et al. 2011, 
Tran, Rodriguez-Contreras et al. 2012). This includes the recently described role of 
LmxGT1, a glucose transporter localized in the flagellum, which has been implicated in 
glucose sensing (Rodriguez-Contreras, Aslan et al. 2015). Mutants of LmxGT1 were 
found to be incompetent to enter stationary phase, a normal cell response to low glucose 
conditions. LmxGT1 expression can also be modulated in response to environmental 
glucose availability (and therefore resembles T. brucei THT2), suggesting the protein is 
either a glucose sensor itself or that it informs the intracellular sensors that impart 
downstream effects (Rodriguez-Contreras, Aslan et al. 2015). 
Glucose responsiveness in T. cruzi 
Glucose sensing in the American trypanosome, Trypanosoma cruzi, is not well 
understood. The insect stage epimastigote parasites express a high affinity glucose 
transporter, TcrHT1 (Tetaud, Bringaud et al. 1994) that, like the other kinteoplastid 
hexose transporters, is related to GLUT1 (Pereira and Silber 2012). The availability of 
environmental glucose drives the preferential catabolism of the hexose over amino acids 
(Cazzulo 1994), but once glucose is depleted, mitochondrial enzyme function is up-
regulated (Carneiro and Caldas 1983, Cazzulo, de Cazzulo et al. 1985). Glucose depletion 
also leads to the elongation of the epimastigote flagellum (Tyler and Engman 2000). The 
intracellular amastigote lifecycle stage parasites meet their metabolic demands using an 
approach that is finely tuned to the host environment upregulating fatty acid uptake and 
oxidation machinery paralleling host intracellular nutrient availability (Atwood, 




Kinetoplastid parasites have evolved mechanisms to regulate metabolic responses 
in order to exploit the diverse environments found in both their vectors and hosts. 
Glucose metabolism is central to kinetoplastid success. 
Interestingly, parasites in this class share some but not all of the components of 
the glucose sensing mechanisms typical of other eukaryotes. This is explained in part by 
the finding that gene expression regulation occurs primarily post-transcriptionally in 
parasites. In most other eukaryotes, transcriptional regulation through the action of 
transcription factors plays a key role in metabolic responses to environmental glucose. 
While protein components of the glucose metabolism pathway have been well described, 
the identity of several key players in glucose sensing remain unknown. These unknown 
activities include the glucose sensor itself, along with the signaling cascade members that 
ultimately influence cellular responses. The downstream impact of glucose signaling in 
kinetoplastids possibly includes activation of cellular machinery that influences transcript 
stability and translation, with RNA binding proteins likely candidates in the process. 
This work was supported in part by a Center for Biomedical Excellence (COBRE) 
grant of the National Institutes of Health under award number P20GM109094 and by 
awards from the Eunice Kennedy Shriver National Institute of Child Health and Human 
Development and the National Institute of Allergy and Infectious Diseases of the 
National Institutes of Health (R03HD081723 and R21AI105656). The content is solely 
the responsibility of the authors and does not necessarily represent the official views of 
the National Institutes of Health. 
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IV. GENE REGULATION IN T. BRUCEI 
The different environments kinetoplastida parasites occupy during their life cycle 
require the parasites to rapidly adapt to changing conditions through responsive gene 
expression changes. Increasing evidence shows that the coordination of gene expression 
in these protozoan parasites for adaptation to environmental signals is largely the result of 
post-transcriptional processes (Gazestani et al. 2014; Kolev et al. 2014; Rao et al. 2017). 
This is in part due to little transcription-based control through RNA polymerase II 
(Martinez-Calvillo et al. 2003; Martinez-Calvillo et al. 2004; Clayton and Shapira 2007; 
Haile and Papadopoulou 2007; Kramer 2012). The main contributors for gene expression 
regulation include pre-mRNA processing and regulation of mRNA transport, localization, 
stability, and translation. Additionally, protein turnover, modification, and localization 
are also involved in gene regulation in the parasite (Kolev et al. 2014).  
In T. brucei, the majority of protein-coding genes are arranged in long clusters on 
the chromosome. Multi-gene clusters are co-transcribed by RNA polymerase II into 
polycistronic pre-mRNAs with mature mRNAs then generated from these precursor 
mRNA by trans-splicing of 5’ splice leaders and 3’ polyadenylation sequences (Sutton 
and Boothroyd 1986; Nilsson et al. 2010). The mature mRNAs are then subject to 
regulation at the post-transcriptional level (as mentioned above), allowing for appropriate 
responses to various environments. 
Post-transcriptional regulation primarily occurs through the ribonucleoprotein-
mediated mechanism, with the regulated units termed RNA regulons or RNA operons 
(Keene 2007). In this system, cis-acting elements that are recognized by specific trans-
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acting factors influence the fate of transcripts and the proteins they encode (Keene 2007). 
While these cis-acting elements can be found throughout a transcript, most have been 
found in the 5’ or 3’ untranslated regions (UTRs) of genes (Mortimer et al. 2014). The 
trans-acting factors that bind the elements have been found to be non-coding RNAs, 
RNA-binding proteins (RBP), and even metabolites (Winkler et al. 2002; Mazumder et 
al. 2003; Keene 2007; Jia et al. 2013). 
The structural characteristics of the RNA cis-regulatory elements is important for 
their function (Kligun and Mandel-Gutfreund 2015). Typically, trans-acting factors 
recognize primary sequence information in single-stranded structures, in part due to the 
challenge of interrogating nucleotides in double-stranded regions (Allers and Shamoo 
2001). Stem-loops and other kinds of loops are common structures that present regulatory 
motif binding sites to trans-acting factors (Gallie et al. 1996; Gorodkin et al. 2001; 
Mazumder et al. 2003; Jia et al. 2013; Mortimer et al. 2014). For example, a stem-loop 
structure in the 3’UTR of the human transferrin receptor transcript is responsible for the 
increased mRNA stability upon iron deprivation. Mutations that disrupted this unique 
conformation were shown to impair the regulation (Müllner and Kühn 1988). In addition, 
a 33-nucleotide region in the 3’UTR of human Disabled-2 (Dab2) transcript forms a 
stem-loop with an asymmetric bulge, a cis-element named BAT. The translation of Dab2 
is repressed when BAT is bound by a heterogeneous nuclear ribonucleoprotein E1 
(hnRNP E1). This translational repression is alleviated upon the phosphorylation and 
release of hnRNP E1 from the BAT element, an event that is mediated by growth factor-β 
(TGF-β) and protein kinase Bβ/Akt2 (Chaudhury et al. 2010; Hussey et al. 2011).  
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Several RNA regulatory elements have been identified in T. brucei but the 
structural contexts that are required for regulation are generally unknown (Hotz et al. 
1997; Vassella et al. 2004; Mayho et al. 2006; MacGregor and Matthews 2012). Several 
cis-elements have been found to be bound by RNA binding proteins, events that are 
regulated in response to lifecycle changes (Droll et al. 2013; Najafabadi et al. 2013; 
Kramer and Carrington 2014). However, few have been described that are involved in the 
response to environment signals or nutrients. Elements have been identified in the 3’UTR 
of PAD1, a surface marker for SS parasites. These elements work in a cooperative 
manner to repress the abundance of the mRNA in LS and monomorphic BF parasites. 
Repression was alleviated by addition of SIF or 8pCPT-2’-O-Me-cAMP, an analog of 
cAMP that is known to induce the differentiation of LS parasites into SS forms. 
However, the large size of the regulatory elements identified in this work (hundreds of 
nucleotides) limited resolution of the sequence and structural requirements for this 
regulation (MacGregor and Matthews 2012). 
Several other elements have been identified in the 3’UTR of EP procyclin and 
GPEET procyclin transcripts. A 16-nucleotide loop in the 3’UTR of all procyclin 
transcripts is found to be important for the enrichment of procyclin proteins in PF. Both 
sequence and structure of this element appear to be necessary for the higher translational 
rate of the transcripts in PF cells (Hehl et al. 1994). A 26-nucleotide element that is 
unique to  the 3’UTR of GPEET transcript exerts life stage regulation on both mRNA and 
translation level (Hotz et al. 1997). Another RNA regulatory element named the GRE, 
which is adjacent to the 26-nucleotide element and forms a stem-loop with GRE, has 
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been identified to be necessary for the repression of GPEET transcript abundance in late 
PF cells in response to glycerol. Interestingly, this elements was also found to be 
necessary for the upregulation of GPEET transcripts in response to low (~0.3 mM) 
glucose in PF cells (Vassella et al. 2004). Two year later, an 8-nucleotide motif 
(UAUUUUUU) was identified within the 26-nucleotide element that is common to many 
other PF enriched transcripts such as those encoding the cytochrome c oxidase subunit V 
(COXV) and phosphoglycerate kinase  (PGKB) (Mayho et al. 2006). It is unknown, 
however, whether these cis-elements confer the same regulation observed with the 
GPEET procyclin and whether the 8-nucleotide motif always exists in single-stranded 
regions in the different mRNAs.  
More recently, an AU-rich cis-element named ARE in the UTRs of many 
trypanosome genes has been identified through high throughput bioinformatics analysis. 
Transcripts that harbor this motif were found to be bound and downregulated at the 
mRNA level by RBP6, a known regulator of development. Overexpression of the RBP6 
triggers PF cells to differentiate into the next lifecycle stage, epimastigotes and 
metacyclic form parasites (Najafabadi et al. 2013). The ARE appears to be a linear motif 
that does not form a secondary structure but this has not been resolved.   
Other identified RNA regulatory elements include a 7-nucleotide motif 
(UUGUACC) in a group of transcripts associated with the PUF-domain protein PUF9. 
This protein is necessary but not sufficient to confer upregulation of the expression of 
several genes in the S-phase/early G2 phase of the cell cycle (Archer et al. 2009). A 34-
nucleotide element controls the mRNA abundance of an expression site associated gene, 
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ESAG9, in different life stages (Monk et al. 2013), while an AUU repeat motif in 
transcripts bound and regulated by the CCCH zinc finger protein ZC3H11 stabilizes 
mRNAs (Droll et al. 2013). Additionally, an AU-rich element in genes regulated by the 
DEAD box RNA helicase DHH1 that is responsible for mRNA stabilization has been 
identified (Kramer and Carrington 2014). Last, a 35-nucleotide stem-loop has been 
identified in the 3’UTR of the nucleobase transporter NT8. Both sequence and structure 
are necessary and sufficient for repression of transcript levels in response to 
environmental purine availability (Fernández-Moya et al. 2014).  
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The African trypanosome has evolved mechanisms to perceive and respond to 
environmental cues to regulate development. These cues include cold temperature 
exposure, citrate abundance, mild acid treatment, and partial proteolytic digestion. During 
transition from mammalian blood to insect vector gut, parasites experience a rapid 
reduction in environmental glucose. Here, we describe how bloodstream form parasites 
rapidly consume glucose. Depletion of glucose was toxic to the long slender blood form 
but not to the non-dividing short stumpy blood form. Continued culture of short stumpy 
parasites in very low glucose media led to changes in surface molecule expression and 
resumption of cell growth, hallmarks of differentiation to insect stage procyclic form. 
Phenotypic changes mirrored what was observed in the gene expression profiles when 
comparing transcriptomes both in pairwise analyses and across the entire transition 
spectrum. Glucose deprivation combined with cold shock treatment triggered 
differentiation earlier than growth in minimal glucose alone. Like glucose, 6-
deoxyglucose, a non-metabolizable glucose analog, prevented short stumpy form 
differentiation and also inhibited growth of newly differentiated procyclic form parasites. 
Notably, procyclic form parasites differentiated by culture in glucose depleted media 
significantly upregulated gene expression of amino acid metabolic pathway components 
when compared to procyclic forms generated by cis-aconitate treatment. In summary, 
glucose transitions from the primary metabolite of the blood stage infection to a negative 
regulator of both development and growth in the insect vector, suggesting that the hexose 




The African trypanosome, Trypanosoma brucei, responds to environmental cues 
to regulate development from one lifecycle stage to another. Here, we describe how the 
sugar glucose, which is a critical nutrient for the parasite as it lives in the mammalian 
bloodstream, serves as a key component in development. As their density in the blood of 
the mammalian host grows, T. brucei differentiates into the short stumpy stage, a form 
that does not divide and is pre-adapted for life in the insect that spreads the disease, the 
tsetse fly. The tsetse fly takes up the short stumpy form parasites when it consumes the 
blood of an infected mammal. These quickly differentiate into insect stage forms, a 
process that coincides with depletion of glucose. Here, we describe how short stumpy 
parasites cultured in media with trace amounts of glucose remain viable and undergo 
differentiation to insect form parasites. The rate of differentiation is enhanced when 
combined with other known developmental cues, suggesting an additive effect of 
environmental changes. The parasite’s ability to monitor environmental glucose is 
independent of the consumption of the sugar, as a sugar analog that cannot be used as an 
energy source inhibited the differentiation process. Our findings suggest that the sensing 
of the energy source serves as an important marker for regulating the development of the 
parasite. 
INTRODUCTION 
Organisms that occupy multiple biological niches must adapt to different 
environments. Such is the case for the vector-borne African trypanosome, Trypanosoma 
brucei, a kinetoplastid parasite that is the causative agent of African sleeping sickness. 
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This parasite, which is transmitted by tsetse flies, undergoes a series of developmental 
steps that yield lifecycle stages which are uniquely adapted for life in the distinct hosts. 
These adaptations include alterations to metabolic pathways that parallel differences in 
substrate availability and expression of distinct surface molecules that are required for 
successful colonization of the new environment.  
In T. brucei development, differentiation events occur in both the mammalian 
host and insect vector. As their density increases in the vertebrate bloodstream, long 
slender (LS) blood form parasites perceive a quorum-dependent parasite-derived signal 
that triggers differentiation into short stumpy (SS) blood form parasites, a non-dividing 
form arrested in G0 of the cell cycle (Reuner et al. 1997). When these SS parasites, which 
are pre-adapted for life in the tsetse fly vector (Rico et al. 2013), are engulfed by a tsetse 
fly during a blood meal, they quickly differentiate into dividing procyclic form (PF) 
parasites that are competent for completion of the lifecycle in the fly.  
Development is carefully coordinated with environmental setting, ensuring that 
the appropriate lifecycle stage is initiated in the correct host and tissue. The ability to 
perceive and respond to the environment requires detection of cues that trigger signaling 
pathways to modulate gene expression. SS trypanosomes are exposed to an array of 
potential signals including fluctuating temperatures, exposure to digestive processes in 
the fly gut, and interaction with other trypanosomes. Additionally, there are an 
assortment of small molecules generated while the blood meal vehicle in which the SS 
parasites reside is digested by the fly. 
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In resolving these sensing pathways, potential cues associated with development 
have been tested. Exposure of SS parasites to a cold shock, specifically a change in 
environmental temperature of more than 15oC, has been shown to trigger a nearly 
immediate and reversible expression of the PF surface molecule EP procyclin (Engstler 
and Boshart 2004). However, these cells failed to grow. As cell growth is critical feature 
of the transition from SS to PF, this observation suggested that that cold shock alone was 
insufficient for complete initiation of the developmental program. Notably, cold shock 
also triggered the expression of a family of carboxylate transporter proteins called 
“proteins associated with differentiation (PAD)”. These transporters participate in the 
differentiation response triggered by a distinct cue, citrate and cis-aconitate (CCA). 
Without exposure to cold shock, a high concentration of CCA (6 mM) was required to 
initiate differentiation. However, exposure of SS parasites to cold shock, which resulted 
in increased surface expression of PAD2, induced the cells to respond to extremely low 
levels of CCA (0.6-6 μM) (Engstler and Boshart 2004; Dean et al. 2009). The tsetse fly 
midgut contains similar levels of citrate (15.9 μM) and this carboxylic acid has been 
found to mirror the impact of CCA in SS to PF development, an observation that defines 
CCA as a potentially physiologically relevant cue (Hunt et al. 1994; Engstler and Boshart 
2004).  
Additional cues may be associated with cold shock and citrate that enhance 
differentiation from SS to PF parasites. These include exposure to mild acid or protease 
treatment (Yabu and Takayanagi 1988; Hunt et al. 1994; Rolin et al. 1998; Sbicego et al. 
1999; Szoor et al. 2013). Treatment of SS parasites with either of these cues rapidly 
90 
 
initiated EP procyclin expression (~2 hours), but the response mechanisms were 
different. Mild acid treatment, much like exposure to high levels of CCA, led to 
phosphorylation of TbPIP39, a phosphatase component of the CCA differentiation 
cascade (Szoor et al. 2010). This phosphorylation event indicates activation of this 
differentiation pathway, which was not observed after protease treatment. This suggested 
the response was due to a distinct signaling pathway (Szoor et al. 2013).  
Another factor that has been identified as a candidate to serve as a differentiation 
cue is glucose. For a small molecule to serve as an effective “marker” for an 
environment, its availability must be different in distinct niches. In mammalian blood, LS 
parasites are in ~5 mM glucose and the hexose serves as a critical carbon source for this 
form of the parasite. When bloodstream form parasites are taken up by a feeding tsetse 
fly they experience a rapid drop in glucose concentration, with the sugar depleted from 
the blood meal in ~15 minutes (Vickerman 1985). In this environment, SS parasites 
persist and differentiate into PF parasites. Reflecting the reduced glucose levels in the 
environment, PF parasites complete the activation of metabolic pathways that was 
initiated in the SS lifecycle stage required for metabolism of amino acids like proline and 
threonine (Millerioux et al. 2013; Mantilla et al. 2017; Smith et al. 2017).  
Glucose is a critical carbon source for the African trypanosome but its role in 
development is unresolved. Manipulation of glucose levels in vitro has been shown to 
alter developmental patterns and gene expression, suggesting a role for the sensing of the 
sugar in parasite development. Cultured monomorphic bloodstream form (BF) parasites 
that do not differentiate into SS can be prompted to differentiate into PF parasites by 
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removal of glucose from the growth medium (Milne et al. 1998). Additionally, inhibition 
of glycolysis in monomorphic BF with phloretin, a plant-derived dihydrochalcone, or 2-
deoxy-glucose (2-DOG), a glycolytic poison, triggers genome-wide transcriptome 
changes that resemble expression patterns found in SS to PF parasite differentiation, 
including the upregulation of EP procyclin (Haanstra et al. 2011; Wurst et al. 2012). It is 
also notable that PF parasites alter surface molecule expression in a glucose-dependent 
manner (Morris et al. 2002; Vassella et al. 2004) in a process that is regulated by 
mitochondrial enzymes (Vassella et al. 2004).  
The coincidental depletion of glucose and midgut infection by SS makes the 
change in concentration of the hexose an attractive potential cue for differentiation. 
However, incubation of pleomorphic SS parasites in media with reduced glucose (~0.5 
mM) was not sufficient to trigger expression of the PF parasite marker EP procyclin 
within 48 hours (Szoor et al. 2013). Furthermore, treatment of LS parasites with phloretin 
also failed to cause yield detectable procyclic cell outgrowth. In this article, we present 
evidence that culturing SS parasite in media with minimal glucose (~5 μM), a condition 
that is found in the digested blood meal, triggers differentiation to PF parasites. This 
response is not related to the rate of glucose consumption by glycolysis, but rather is 
initiated by the near-absence of the hexose. While the rate of differentiation in response 
to glucose depletion is likely too slow to be biologically relevant, the impact is enhanced 
when combined with other known cues, suggesting an additive effect of environmental 
changes. The finding that glucose inhibits differentiation of SS to PF suggests that the 




Bloodstream form parasite rapidly deplete glucose from the environment 
Responses to new environments are particularly important to parasitic microbes 
that inhabit different hosts during their lifecycles. As African trypanosomes transition 
from the glucose-rich blood of the mammalian host to the tsetse fly gut, they undergo a 
marked change in environment. One major change is the rapid (~15 min) depletion of 
environmental glucose, the primary carbon source used to generate ATP during 
bloodstream infection (Vickerman 1985). This reduction in available glucose is at least in 
part due to the metabolic activity of the parasites in the blood meal. Both pleomorphic LS 
and SS parasites isolated from infected rodents rapidly consume glucose in vitro with 0.5 
mM glucose being nearly depleted from culture media after a single day by both lifecycle 
stages (Figure 2.1A). After one day, glucose levels were reduced to 37 ± 0.70 and 62 ± 
0.60 μM for LS and SS, respectively and the hexose concentration continued to fall on 
μM. The precipitous decline in glucose 
availability had an impact on LS parasite viability even though the potential carbon 
sources proline and threonine were included in the media. While more than 80% of the 
LS parasites were dead after two days of culture under the very low glucose conditions, 
SS parasites were less sensitive with >80% of the population viable after two days 
(Figure 2.1B).  
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Figure 2.1. Slender form (LS) and short stumpy form (SS) T. brucei rapidly deplete glucose. Parasites 
isolated from rodent buffy coats by chromatography were washed extensively in PBS and then resuspended 
(4 x 105/cells/mL for LS and 5 x 105 cells/mL for SS) in RPMIθ supplemented with proline and threonine 
and different concentrations of glucose. LS parasites (left column) were isolated after four days of infection 
and made up nearly 100% of the parasite population as determined by microscopy, while the SS samples 
(right columns) contained a mixture of SS (~90%) and LS (~10%) parasites as scored by cytometry of 
PAD1-labeled parasites (not shown). (A) Glucose concentrations in the media were measured through time 
as described in the Materials and Methods and standard deviation from experiments performed in triplicate 
indicated. (B) Parasite viability was scored by propidium iodide staining. 
94 
 
Impact of glucose depletion on the differentiation and proliferation of SS, LS, and 
BF parasites 
Rapid depletion of glucose precedes the differentiation of SS to PF. In order to 
understand the impact of low glucose concentrations on parasite development we 
incubated pleomorphic SS parasites in SDM79θ, a very low glucose (~5 μM) PF culture 
medium, under conditions that would normally support PF in vitro growth (27oC, 5% 
CO2). Interestingly, parasite outgrowth was detected by day 3 (Figure 2.2A, open circles) 
while SS parasites maintained in SDM79θ supplemented with 5 mM glucose (filled 
circles) did not appreciably grow. LS, which are dependent on glycolysis for viability, 
failed to grow in very low glucose media (open triangles).  
SS forms in the mammalian bloodstream are arrested in the cell cycle and do not 
divide, suggesting that the cell proliferation observed after incubation in SDM79θ was a 
consequence of these SS differentiating to PF. To confirm this, parasites were probed 
with antisera specific to the PF marker protein, EP procyclin, and analyzed by 
immunofluorescence (IF) (Figure 2.2B). IF analysis on day 7 revealed that SS parasites 
were morphologically similar to PF cells, expressing a surface coat of EP procyclin not 
observed in SS or in SS cultured in the presence of glucose (Figure 2.2B).  
As an additional marker for development, parasites were probed with antisera 
specific for PAD1, a marker for SS parasites, and the highest signal was observed on the 
surfaces of SS parasites freshly isolated from rodent blood, as has been described (Figure 
2.2C) (Dean et al. 2009). Culturing of SS parasites for seven days without glucose led to 
reduced PAD1 labeling, while the majority of those cultured in the presence of glucose 
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for the same period died. However, the few that persisted frequently harbored multiple 
nuclei, accumulated PAD1 signal in the flagellum, and became elongated (Figure 2.2C). 
The outgrowth of the normally quiescent SS parasites together with EP procyclin 
expression and reduction of PAD1 labeling is indicative of differentiation to the PF 
lifecycle stage. 
Others have described how removal of glucose can trigger differentiation of 
monomorphic BF parasites, which are incapable of differentiating into the intermediate 
SS form, directly to PF lifecycle stages. Culturing pleomorphic LS parasites in very low 
glucose failed to trigger a similar differentiation (Figure 2.2A). Furthermore, culture of a 
monomorphic BF parasite line (a 427 strain that has been laboratory maintained for at 
least 25 years) in very low glucose media or without supplementation of glycerol as an 
alternative carbon source failed to yield detectable differentiation to PF parasites 
(Supplementary Figure A-1).  
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Figure 2.2. T. brucei SS growth and surface molecule expression are influenced by environmental 
glucose availability. (A) LS and SS parasites isolated from rodents were washed extensively and 
resuspended in very low glucose PF media, SDM79θ (-glc, ~5 μM), supplemented with (5 mM) or without 
additional glucose at 27oC and growth monitored. Growth curves are representative of at least two assays. 
(B and C) IF analysis of parasites after incubation for seven days with or without glucose. Fixed parasites 
were visualized by epifluorescence microscopy using antiserum against EP procyclin (B) or PAD1 (C). 
DAPI was added with anti-fade reagent to stain the nucleus and kinetoplast DNA in all samples. Scale bar 
= 5 μm. 
97 
 
SS differentiation rates are enhanced by exposure to multiple cues  
Triggers that initiate SS to PF lifecycle stage differentiation have been widely 
studied (Yabu and Takayanagi 1988; Hunt et al. 1994; Rolin et al. 1998; Sbicego et al. 
1999; Engstler and Boshart 2004; Dean et al. 2009; Szoor et al. 2013). To investigate the 
effect of additional cues on differentiation in very low glucose media, rates of surface 
molecule expression and growth were monitored (Figure 2.3). Exposure of SS parasites 
to cold shock in combination with citrate levels found in the tsetse fly midgut (15.9 μM, 
(Hunt et al. 1994)) triggered EP procyclin expression after three hours and cell growth 
after four days (Figure 2.3B and C). The doubling time of these cells between days 4 and 
7 was ~64.5 hours (Figure 2.3C, asterisks). Similarly, the combination of cold shock and 
the near-absence of glucose yielded EP procyclin expression after three hours, but cell 
proliferation was noted sooner, within one day, compared to the condition with citrate 
added. In addition to proliferation, these cells also grew more rapidly compared to those 
where citrate was added, with a doubling time of ~21.5 hours (open triangles) between 
days 4 and 7.  
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Figure 2.3. The near-absence of glucose is synergistic with cold treatment in triggering differentiation 
from SS to PF. Flow cytometry of (A) control experiments (secondary alone (2ndary); LS, SS, and PF 
stained with antisera to EP procyclin) and (B) SS parasites after culture at 37oC or exposure to 20oC for 16 
hours in HMI9 prior to washing and resuspension in SDM79θ supplemented with 5 mM glucose (+glc) or 
with physiological levels of citrate (15.9 μM). Cells were fixed at the indicated times, stained with antisera 
to EP procyclin, and scored by cytometry (5,000 cells/assay) (C) Growth of parasites exposed to cold shock 
(20oC) or 37oC for 16 hours prior to initiation of this experiment with combinations of other 
environmentally-relevant cues (at 27oC). Bars indicate standard deviation in triplicate assays. 
 
Mitochondrial metabolism is required during differentiation 
SS parasites can metabolize the abundant glucose in the blood of the mammalian 
host much like LS parasites. However, SS parasites also express genes that prepare them 
for life in the glucose-poor environment of the fly gut by upregulating genes required for 
mitochondrial metabolic functions, including cytochrome C oxidase subunits (Feagin et 
al. 1986) and respiratory chain complex I genes (Bienen et al. 1991). To test the potential 
contribution of mitochondrial amino acid metabolism to parasite outgrowth, SS parasite 
growth was scored after manipulating the available amino acids in the very low glucose 
(~5 μM) bloodstream form media RPMIθ. When SS parasites were cultured in media that 
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included proline and threonine for two days prior to being transferred into glucose-free 
PF media that has abundant amino acids (SDM79θ), most cells remained viable and 
differentiation occurred (Figure 2.4A, open circles). Inclusion of threonine alone did not 
support parasite differentiation (open triangles) while culture in proline alone (open 
squares) led to a slightly delayed entry into growth when compared to media with both 
proline and threonine. RPMIθ media lacking glucose and both amino acids did not 
support parasite viability (x symbol), with a greater than 80% loss of SS parasite viability 
on day one (Figure 2.4B). Inhibition of oxidative phosphorylation with the antibiotic 
oligomycin, an ATP synthase inhibitor, prevented differentiation and was toxic to SS 
parasites cultured in very low glucose (Figure 2.4C, open squares and Figure 2.4D). 
These observations indicates that amino acid metabolism is likely important for satisfying 




Figure 2.4. Amino acids are required for completion of SS differentiation and cell viability in very 
low glucose media. SS parasites cultured in bloodstream form very low glucose media, RPMIθ (which 
allowed manipulation of amino acid content) supplemented with or without glucose, proline (P, 4.6 mM), 
threonine (T, 3.4 mM), or proline and threonine for two days followed by transfer to amino acid-replete 
SDM79θ were scored for (A) outgrowth and (B) viability. (C) Assessment of parasite outgrowth and (D) 
viability after oxidative phosphorylation inhibition by treatment with oligomycin (either 100 ng/mL or 1 




Glucose inhibits differentiation through a mechanism distinct from glycolysis   
The observations that the near-absence of glucose in combination with cold shock 
enhanced differentiation suggested that glucose perception could be an alternative or 
additional component of the differentiation cascade. In Saccharomyces cerevisiae, for 
example, regulatory responses to glucose are mediated through pathways that transduce 
extracellular or intracellular glucose levels into recognizable signals (Gancedo 2008). 
However, the importance of glucose to BF parasites’ metabolism raises the possibility 
that culture in very low concentrations of the carbon source initiates a stress response 
related to either insufficient ATP production by glycolysis or a failure to synthesize 
required glycolytic intermediates. 
To elucidate the role of glycolysis on glucose signaling in T. brucei, parasites 
were cultured with a variety of sugars at different concentrations and their impact on 
differentiation was scored. First, conditions were tested to determine if they met the 
metabolic needs of the glycolysis-dependent LS parasites. As anticipated, 2-DOG, which 
is phosphorylated by hexokinase and then inhibits downstream glycolysis, was toxic to 
LS parasites. Similarly, 6-deoxy-glucose (6-DOG), an analog of glucose that cannot be 
phosphorylated by hexokinase, and the five-carbon sugar xylose did not support LS 
viability (Supplementary Figure A-2).  
SS parasite outgrowth parallels the depletion of glucose from the media, although 
the minimum concentration of glucose required to trigger this response is unclear. When 
SS parasites were seeded into RPMIθ supplemented with increasing concentrations of 
glucose (0, 5, and 50 μM), outgrowth was noted at about the same time regardless of the 
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concentration of glucose (Supplementary Figure A-3). Confounding this experiment, 
however, SS parasites rapidly metabolize glucose to low levels in culture (Figure 2.1), 
making the assessment of the critical glucose concentration needed to initiate outgrowth 
difficult.  
Non-metabolizible glucose analogs were considered next, in part because SS 
parasites were anticipated to be less sensitive than LS to these compounds given their 
ability to persist in the near-absence of glucose (Figure 2.1). Incubation with 2-DOG, 
much like glucose, prevented SS differentiation (Figure 2.5A), but this compound was 
acutely toxic to the SS parasites with >70% lethality after two days of exposure (Figure 
2.5B). The compound 6-DOG is not a substrate for cellular hexokinases and thus cannot 
be phosphorylated to enter glycolysis. Similar to 2-DOG and glucose, culturing SS 
parasites with 5 mM 6-DOG prevented differentiation (Figure 2.5A). While incubation in 
50 μM 6-DOG prevented outgrowth, 5 μM compound had no impact on cells (Figure 
2.5C). High concentrations of both glucose and 6-DOG were gradually toxic to SS 
parasites, with near-complete loss of viability after four days in 5 mM of either 
compound (Figure 2.5D). Lastly, xylose had no inhibitory impact on SS parasite 
differentiation (Figure 2.5A) and, like culturing in very low glucose, was minimally toxic 
to the SS (Figure 2.5B).  
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Figure 2.5. Glucose inhibition of differentiation is independent of glycolysis. (A) Outgrowth and (B) 
cellular viability of SS cultures after treatment with 5 mM of the indicated compound s (xyl, xylose; 6-
DOG, 6-deoxyglucose). SS parasites were washed and resuspended (5 x 105/mL) in RPMIθ with proline 
and threonine for the first two days and then transferred to the very low glucose PF media SDM79θ 
supplemented with 5 mM of the indicated compound and growth monitored. (The transfer was necessary to 
provide amino acids required for PF viability.)  (C) Impact of varied levels of 6-DOG on SS outgrowth and 
(D) viability. Concentrations of 6-DOG were maintained throughout the experiment. Bars indicate standard 
deviation in triplicate assays. 
 
Pleomorphic PF cell growth is inhibited by glucose  
Differentiation of PF parasites from SS parasites by either citrate treatment (6 
mM) or incubation in the near-absence of glucose yielded parasites with a growth 
deficiency upon culture in glucose-rich media (Figure 2.6A). These pleomorphic PF cells 
had average doubling times (between days 4 and 7) that were 4.3-fold and 2.9-fold 
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greater, respectively, than the doubling time of parasites maintained in media without 
glucose generated by the same differentiation means (Figure 2.6A, compare filled 
symbols to open circles and asterisks). The growth defect in the presence of glucose 
persisted for several weeks, with cell division becoming nearly undetectable on day 12. 
However, cells continuously cultured in glucose-replete media eventually (3-4 weeks) 
resumed growth (Supplementary Figure A-4).  
The addition of glucose to the environment slowed the growth of PF parasites 
previously differentiated by glucose deprivation when compared to similar cells 
maintained in very low glucose (Figure 2.6B, open squares compared to open circles, day 
3-7). This growth retardation was relieved within one day of glucose removal from the 
media (open squares, day 8-14). While citrate-treated cells differentiated in the presence 
of glucose within one day (filled triangles), these PF parasites had a reduced growth rate 
when compared to cells differentiated by glucose depletion (open circles, day 3-7). This 
growth retardation was partially relieved after ~3 days of culture in very low glucose 
(filled triangles, day 8-14) but the ~30 hour doubling time still lagged behind the ~18 
hours doubling time of cells differentiated by glucose depletion (open squares, based on 
rates on days 11-14). Glucose was not alone in its ability to temper pleomorphic PF 
growth, as 5 mM 6-DOG, but not lower concentrations (Figure 2.6D), was able to inhibit 
parasite growth even though it is not a metabolizable sugar (Figure 2.6C, x symbol). 
Similarly, 2-DOG inhibited growth of pleomorphic PF parasites differentiated in the 





Figure 2.6. Pleomorphic PF cell growth is suppressed in the presence of glucose. (A) Comparison of 
growth of PF parasites differentiated from SS parasites by treatment with 6 mM citrate in the presence of 
glucose to those differentiated by glucose depletion. (B) Growth suppression was reversible by removal of 
glucose. SS parasites were cultured for two days in the presence of citrate (6 mM) or near-absence of 
glucose and then cultures were resuspended in glucose-replete or deficient SDM79θ for five days, prior to 
dilution in fresh media on the eighth day of growth. (C) Growth of pleomorphic PF cells (differentiated for 
7 days from SS) in SDM79θ with assorted sugars (6-DOG, 6-deoxy-glucose; xyl, xylose) or (D) in different 
concentrations of 6-DOG. Panel A and B are representative of at least duplicate assays, while in panel C 
the bars indicate standard deviation in triplicate assays. 




Comparison of transcriptome profiles of LS parasites to PF parasites 
differentiated by culture of SS parasites in very low glucose (5 μM) by differential gene 
expression analyses revealed that a total of 1,310 transcripts were differentially-regulated 
in the PF cells, with 694 upregulated and 616 downregulated genes (false discovery rate 
(FDR) < 0.05, |logFC| ≥ 1.0, and counts per million (CPM) > 10; Supplementary Table 
A-1 for a complete list and verification of a subset by qRT-PCR). This result is in 
agreement with previous microarray studies which found that a similar number of total 
genes were differentially expressed between the LS and PF life stages (Kabani et al. 
2009; Queiroz et al. 2009).  
To determine if the different cues used to trigger differentiation yielded distinct 
transcript profiles, the data sets for PF parasites differentiated in very low glucose or with 
CCA in the presence of glucose were compared to the transcriptome of LS parasites 
(Kabani et al. 2009; Queiroz et al. 2009). Transcripts encoding proteins known to be 
enriched in BF parasites, like ESAG2, ESAG11, THT1-, and phosphoglycerate kinase 
(PGKC) were significantly downregulated in both PF transcriptomes, whereas those 
known to be enriched in PF parasites, including EP1, EP2, EP3, GPEET, trypanosome 
hexose transporter 2A (THT2A), purine nucleoside transporter NT10, and several 
proteins involved in electron transport chain and mitochondrial translation were 
significantly upregulated (Figure 2.7A).  
While these life-stage-specific marker genes were similarly regulated, differences 
in the regulation of genes involved in major metabolic pathways were observed. Genes 
required for glycolysis, the primary catabolic pathway used for ATP production in BF 
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parasites, were largely downregulated (60% of the known or predicted genes in the 
pathway) in PF parasites differentiated by glucose depletion, while PF parasites 
differentiated by cis-aconitate had 20% of the known or predicted genes in the pathway 
downregulated (Figure 2.7B, Supplementary Table A-2). The percentage of upregulated 
genes involved in gluconeogenesis was higher in PF parasites differentiated by glucose 
depletion (70%) than those differentiated by cis-aconitate (30%) (Figure 2.7B, 
Supplementary Table A-2). Similarly, the percentage of upregulated genes known to be 
required for succinate and acetate/acetyl-CoA metabolism were higher in PF parasites 
generated by glucose depletion (56% of known genes involved) than in cis-aconitate 
differentiated PF parasites, where the expression of genes in the pathway remained 




Figure 2.7. Evaluation of pleomorphic PF differentiated by different cues at the transcriptome level. 
(A) A comparison of the relative transcript abundance of PF parasites to LS parasites for a subsect of life 
stage-enriched genes. PF were generated by differentiation of SS parasites using either glucose depleted (-
glc) or cis-aconitate (+cis-aconitate). All transcripts included had >2-fold change and adjusted p-values < 
0.05 except for THT1- in PF (+cis-aconitate), which was downregulated less than twofold with an adjusted 
p-value > 0.05. N/A, data not available. ESAG2, expression site-associated gene 2; ESAG11, expression 
site-associated gene 11; EP1, EP1 procyclin; EP2, EP2 procyclin; EP3-2, EP3-2 procyclin; GPEET, 
GPEET procyclin; PSSA-2, procyclic form surface phosphoprotein; THT1-, glucose transporter 1B; 
THT2A, glucose transporter 2A; NT10, purine nucleoside transporter 10; PGKB, phosphoglycerate kinase 
B; PGKC, phosphoglycerate kinase C; RISP, rieske iron-sulfur protein; COXV, cytochrome oxidase 
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subunit V; COXVIII, cytochrome oxidase subunit VIII; COXIX, cytochrome oxidase subunit IX; ATPF1G, 
ATP synthase F1 subunit gamma protein; PHB1, prohibitin 1, PHB2, prohibitin 2. (B) The percentage of 
transcripts in major metabolic pathways (as identified by GO term definition and confirmed in TrypanoCyc 
(Shameer et al. 2015)) that are regulated in PF differentiated by cis-aconitate or glucose depletion 
compared to LS. For glycolysis and gluconeogenesis, only enzymes that participate in one of the reactions 
were included. Upregulated transcripts are those that increased > 2-fold and had adjusted p-values < 0.05 in 
PF compared to LS, while downregulated transcripts were decreased > 2-fold with adjusted p-values < 
0.05. Chi-squared goodness of fit tests were performed for genes in each pathway to determine whether the 
proportions of regulation patterns between PF differentiated by cis-aconitate or glucose depletion were 
different. ** indicates p-value < 0.05, suggesting transcripts involved in the pathway are differentially 
regulated in PFs differentiated by the two cues. 
 
A larger difference was noted for changes in expression of genes in pathways 
associated with amino acid metabolism. While the cis-aconitate differentiated PF 
parasites showed upregulation in several transcripts involved in proline catabolism and 
electron transport chain (such as succinyl-CoA synthetase alpha subunit (Tb927.3.2230), 
succinate dehydrogenase assembly factor 2 (SDHAF2, Tb927.6.2510), and the 
mitochondrial precursor of Rieske iron-sulfur protein (RISP, Tb927.9.14160), to name a 
few, the majority of transcripts in the pathways were unchanged (Fig. 7B, Supplementary 
Table A-2). By comparison, expression of ~78%, ~100%, and ~93% of the known genes 
involved in proline, threonine, and electron transporter chain were upregulated in PF 
parasites differentiated by glucose depletion, suggesting adaptation to amino acids 
metabolism at the expression level. 
Changes in gene expression across life stages  
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Limitations of pair-wise analyses obscure significant patterns that occur over 
multiple stages of the lifecycle. To assess the potential role glucose depletion plays 
during differentiation as a function of life cycle, the transcriptomes of LS parasites, SS 
parasites in high glucose media, SS parasites in very low glucose media, and PF parasites 
differentiated from very low glucose media were used to generate a principle response 
curve (PRC) (Van den Brink and Braak 1999) (Figure 2.8). The progression from LS to 
PF parasites involved a consistent pattern of expression in specific genes that are 
involved in differentiation. In order to ensure that amino acid addition to the SS parasite 
culture did not have a significant impact on the progression, the second life stage (SS 
with glucose and amino acids) was replaced with SS with only glucose and the two PRC 
analyses produced very similar results (data not shown).  
There was a rapid change in expression profiles in transition from LS to SS in the 
presence of glucose. Interestingly, removal of glucose in the SS life cycle stage led to a 
minor disruption in trend that was coincident with the drastic phenotypic changes that 
occur in the differentiation of SS to PF parasites. With prolonged reduced glucose, the 





Figure 2.8. SS is largely prepared to become PF at the transcript level. Principle responsive curve that 
illustrates the global transcriptome progression from LS to PF (solid dark grey line) through transitions that 
include SS in glucose-replete and very low glucose media. The explanatory variable (time) was based on 
when each transition occurred and are as follows:  Day 0, LS form with glucose (LS+glc); Day 3, SS form 
maintained with glucose (SS+glc); Day 4, SS form (from Day 3) cultured in the absence of glucose for one 
day; Day 10, PF without glucose (PF-glc). PRC was designed such that the comparison to baseline (Day 0, 
LS+glc, dashed grey line) was treated as repeated measurements for each time point. The unscaled variable 
coefficients (Species Scores) have been depicted as a sorted line stack graph on the right. The top 
transcripts with annotation that drive toward (dark grey) and against (light grey) the LS to PF progression 
have been identified on the line stack graph. 
 
The annotated transcripts that had significant impact toward and against the 
transition from LS in glucose to PF without glucose are listed beside the response curve 
(Figure 2.8). Among the top genes that drive the transition toward PF differentiation are 
those that encode for PF surface coat proteins GPEET, EP1, and EP3-2. The patterns 
observed with these genes were consistent with what was observed in pair-wise 
differential gene expression analysis between the LS in glucose and PF without glucose. 
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In addition to this particular validation, the patterns were confirmed by qRT-PCR, which 
indicated a 354 to 635-fold change in transcript abundance (Supplementary Table A-1). 
The expression level of a BF-specific variant surface glycoprotein (VSG, Tb11.1690) 
was reduced in the transition from LS to PF parasites and was an important gene in the 
push against differentiation. Additional genes that were among the most impactful 
variables in the drive against differentiation included glycolysis-related transcripts and 
the transcript encoding for DHH1, a master regulator that controls the stability and 
translation of many other developmental regulated transcripts (Kramer et al. 2010) 
(Figure 2.8).  
There was a minor change in the velocity of the PRC during the transition of SS 
parasite in glucose to reduced glucose. To further analyze the transition of parasites under 
these conditions, the differential expression of genes that had significant impact on the 
PRC trend were considered. By differential gene expression analysis, there were a total of 
14 upregulated and 21 downregulated genes in SS cultured in very low glucose compared 
to SS maintained in high glucose (Supplementary Table A-3). Interestingly, three of the 
significantly regulated transcripts had an impact on the progression from LS to PF 
(Figure 2.8, Table 2.1).  
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Table 2.1. The fold-change and adjusted p-values from the SS (+glc +AA) vs. SS (-glc+AA) DGE 
comparison.  
Top drivers of progression 
Gene ID Gene product1 LogFC2 Adj. p-Value3 
Tb927.6.510 GPEET 0.94 4.7E-14 
Tb927.10.15410 gMDH 0.57 3.0E-27 
Tb927.10.10260 EP1 0.86 1.2E-47 
Tb927.11.6280 PPDK 0.30 1.3E-06 
Tb927.10.2560 mMDH 0.30 1.7E-07 
Tb927.6.520 EP3-2 0.46 1.4E-19 
Tb927.7.5940 PAD2 1.2 1.5E-76 
Tb927.3.4500 FHc 0.28 2.8E-05 
Tb927.7.210 PRODH 0.57 9.7E-24 
Tb927.9.5900 GDH 1.2 1.3E-82 
Top drivers against progression 
Gene ID Gene product LogFC Adj. p-Value 
Tb11.1690 VSG 0.01 9.2E-01 
Tb927.10.5620 ALD -0.41 3.4E-17 
Tb927.3.3270 PFK -0.18 2.1E-02 
Tb927.10.14140 PYK1 -0.50 3.4E-18 
Tb927.10.8230 PDI2 -1.1 2.2E-97 
Tb927.10.2890 ENO -0.24 2.1E-05 
Tb927.1.3830 PGI -0.29 2.5E-06 
Tb927.1.700 PGKC -0.43 2.5E-08 
Tb927.10.3990 DHH1 -0.33 3.6E-07 
Tb927.10.6880 GAP -0.75 6.5E-47 
1GPEET, GPEET procyclin; gMDH, glycosomal malate dehydrogenase; EP1, EP1 procyclin; PPDK, 
pyruvate phosphate dikinase; mMDH, mitochondrial malate dehydrogenase; EP3-2, EP3-2 procyclin; 
PAD2, protein associated with differentiation 2; FHc, cytosolic fumarate hydratase; PRODH, proline 
dehydrogenase; GDH, glutamate dehydrogenase; VSG, variant surface glycoprotein; ALD, fructose-
bisphosphate aldolase; PFK, ATP-dependent 6-phosphofructokinase; PYK1, pyruvate kinase 1; PDI2, 
protein disulfide isomerase 2; ENO, enolase; PGI, glucose-6-phosphate isomerase; PGKC, 
phosphoglycerate kinase C; DHH1, DExD/H-box ATP-dependent RNA helicase. 
2LogFC, the log2-fold change value of transcripts from SS incubated in very low glucose media compared 
to that from SS in glucose rich media 
3Adjusted p-value was calculated using the Benjamini-Hochberg method on p-values generated by 
likelihood ratio.  
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The protein associated with differentiation 2 (PAD2) was important for driving 
the development from LS toward PF. This gene encodes a carboxylate transporter that is 
upregulated by cold shock and thus is central to the hypersensitivity of SS to 
physiologically-relevant levels level of CCA (Engstler and Boshart 2004; Dean et al. 
2009). Similar to PAD2, GDH drove transition from LS to PF and was significantly 
upregulated in the differential gene expression analysis. GDH encodes for glutamate 
dehydrogenase, an enzyme that controls the metabolism of proline (Coustou et al. 2008; 
Schwartz et al. 2013). Among the top genes that drove against the LS to PF progression, 
PDI2 was also statistically significantly downregulated in the differential gene expression 
analysis. This gene encodes a BF-specific protein disulfide isomerase that usually 
functions as a chaperone in protein folding and controls the quality of secretory pathway 
in cells by accelerating the degradation of misfolded glycoproteins (Pfeiffer et al. 2016) 
(Figure 2.8). These results suggest that while removal of glucose stabilizes the SS life 
cycle stage as indicated by the lack of large changes in gene expression, some of the key 
players responsible for the LS to PF transition are still active and continue to drive 
toward differentiation.  
DISCUSSION 
Cellular mechanisms for assessing and responding to environmental cues are 
found in organisms as divergent as microbes and humans. These mechanisms typically 
initiate upregulation of alternative metabolic pathways, reduction of macromolecule 
synthesis in response to limited nutrients, and enhancement of the expression of genes 
that may improve organism dispersal to ultimately lead to colonization of new, nutrient-
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rich environments. Additional responses include those that trigger development into 
quiescent or environmental-resistant forms that can tolerate exposure to hostile 
environments. 
The developmental stages of the African trypanosome are organized so that when 
the parasite encounters a new environment, it is armed with appropriate means to 
successfully occupy the niche. Multiple cues have been described that can trigger 
differentiation of the quiescent blood stage SS parasite to the replicating PF stage (Yabu 
and Takayanagi 1988; Hunt et al. 1994; Rolin et al. 1998; Sbicego et al. 1999; Engstler 
and Boshart 2004; Dean et al. 2009; Szoor et al. 2013). These cues include those that are 
known or predicted to be encountered by the SS as they transit from life in the 
mammalian blood and pass through the fly alimentary canal. Examples include decrease 
in temperature, exposure to proteases, and mild acid treatment (Sbicego et al. 1999; 
Engstler and Boshart 2004; Dean et al. 2009; Szoor et al. 2013).  
While in vitro assays typically employ high (6 mM) concentrations of CCA for 
robust differentiation, the biologically relevant concentrations of these compounds in the 
milieu of the fly gut has been found to be ~15μM (Hunt et al. 1994). The observation that 
low levels of citrate or CCA could trigger differentiation after exposure of the SS 
parasites to reduced temperatures (Engstler and Boshart 2004; Dean et al. 2009) 
suggested that multiple cues may be important for transition from SS to PF lifecycle 
stages.  
Glucose is known to be rapidly depleted from blood meals consumed by actively 
feeding tsetse flies (Vickerman 1985). Initial studies on the role of glucose depletion on 
116 
 
differentiation, however, suggested that it had no role in the process (Szoor et al. 2013). 
In these studies, SS parasites were cultured in ~500 μM glucose and the parasites failed 
to express PF surface molecules within 48 hours. At this concentration of glucose, which 
is ~10-fold lower than the concentration found in human blood, neither glucose uptake by 
the parasite nor phosphorylation by the trypanosome hexokinase would be predicted to be 
impaired as the hexose transporters and hexokinases involved in these activities have 
apparent KM values that suggest they would be active (490 and 52 μM for the 
trypanosome hexose transporters 1 and 2 and 90 μM for the trypanosome hexokinase) 
(Seyfang and Duszenko 1991; Barrett et al. 1998; Morris et al. 2006).  
The failure of pharmacological inhibition of glucose uptake using phloretin to 
trigger differentiation has also been noted as evidence that glucose depletion likely does 
not play a role in the process (Szoor et al. 2013). However, this treatment may have failed 
to sufficiently inhibit glucose uptake to reduce glucose levels in the cell to those found in 
the very low glucose environment in the fly midgut. Previous efforts have found that 
similar phloretin treatment reduced glucose uptake by only ~40% (Seyfang and 
Duszenko 1991) and we have found that treatment of parasites that express a FRET-
based protein glucose sensor with phloretin only modestly (~50%) reduced glucose 
uptake (Voyton et al., unpublished).  
The very small percentage of the SS parasite transcriptome (0.44%, based on 
differentially expressed genes relative to the total) that was altered by culture in reduced 
glucose was in stark contrast to the transcriptome change that occurs in the transition 
from LS to PF parasite (16.4%). This observation suggests that SS parasites have already 
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pre-adapted for differentiation at the transcriptome level (Figure 2.8) but fail to 
differentiate into PF parasites unless glucose is removed. This also suggests that the 
changes that occur to the transcriptome during transition from SS in glucose to SS in 
reduced glucose may be small yet impactful for the eventual transition into PF. Modest 
expression changes in highly-expressed genes, for example, may not achieve sufficient 
statistical significance based on an arbitrary FC threshold and after multiple hypothesis 
testing corrections be considered as differentially expressed, but these changes may 
impact biology dramatically (Claverie 1999; Mutch et al. 2002). Alternatively, glucose 
may have influenced cell development through other means including translation or post-
translation regulatory mechanisms.  
The trypanosome may monitor metabolism of glucose by glycolysis (and the 
potential influence that this has on cellular ADP/ATP ratios) as part of the glucose 
perception pathway, a mechanism used by most eukaryotes (Rolland, Thevelein, 2001 
TIBS). In addition to this glycolysis-dependent pathway, the observation that SS 
differentiation by glucose deprivation was inhibited by 6-DOG, a glucose analog that is 
not a substrate for glycolysis, suggests T. brucei may also perceive the presence of the 
hexose through a glycolysis-independent pathway. Pleomorphic PF parasites offer 
additional evidence for two pathways to sense glucose. First, the presence of either 
glucose or 6-DOG inhibited growth of these cells, suggesting metabolism was not critical 
for the observed growth repression. However, the onset of growth inhibition by glucose 
was more rapid (Figure 2.6C), possibly because it activated both the glycolysis-
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dependent and independent pathways simultaneously, while 6-DOG could only initiate 
the glycolysis-independent pathway.  
How are the glycolysis-dependent and independent sensing pathways integrated 
to regulate differentiation?  The inactivation of the former requires reduced levels of 
environmental glucose, concentrations that can likely be achieved through 
pharmacological inhibition of glycolysis. This may explain the observed increase in EP 
procyclin transcript abundance in monomorphic BF or pleomorphic LS treated with 
phloretin or 2-DOG in standard glucose-rich media (Haanstra et al. 2011; Wurst et al. 
2012). To additionally inactivate the glycolysis-independent pathway, environmental 
glucose levels likely have to be reduced below 50 μM, a concentration that SS parasites 
cultured in reduced glucose media (RPMIθ, for example) experience.  
Ultimately, the glycolysis-dependent and independent pathways function as an 
integrated component of a complex signaling network. Pointing to coordination of 
signaling pathways, a temporary cold shock treatment, when combined with culture in 
very low glucose, led to detectable EP procyclin protein expression after three hours and 
outgrowth within one day. This was a notable reduction from the three-day period 
required when parasites were grown in minimal glucose alone (Figure 2.3A). Cold shock 
alone was found to upregulate EP procyclin transcript abundance (Engstler and Boshart 
2004) but the shock did not yield enhanced EP procyclin protein expression, potentially 
because the single stimuli was too transient to alter translation (Szoor et al. 2013).  
Cold shock treatment also upregulates the carboxylate transporter PAD2 and is 
therefore important for sensitizing SS parasites to physiologically-relevant levels of CCA 
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(Engstler and Boshart 2004; Dean et al. 2009). Interestingly, glucose depletion also 
upregulated PAD2 expression. Given that glucose is precipitously depleted from the 
blood meal (Vickerman 1985), the upregulation of PAD2 in response to glucose 
depletion may serve as an additional or alternative means of increasing SS parasite 
sensitivity to CCA. The impact on cell outgrowth in the presence of physiological levels 
of cis-aconitate (6 μM to 60 μM) was similar, with SS cultures exposed to cold shock or 
cultured in very low glucose yielding detectable growth after 2-3 days (Engstler and 
Boshart 2004).  
The impact of glucose on the growth of PF parasites likely reflects the role the 
hexose plays in influencing parasite metabolism. While LS parasites are dependent on 
host glucose for ATP production, PF parasites have a more dynamic metabolism and are 
capable of utilizing either amino acids or sugars as carbon sources. Laboratory-adapted 
PF parasites grown in glucose-rich culture media preferentially metabolize glucose with 
coincident downregulation of proline consumption (Lamour et al. 2005; Coustou et al. 
2008). PF parasites generated by culture of SS forms in reduced glucose media responded 
to the sugar differently, by displaying growth inhibition (Figure 2.6). This was similar to 
glucose-induced growth inhibition noted in PF parasites isolated from tsetse fly midguts 
(van Grinsven et al. 2009), which presumably occurred because these parasites had been 
adapted to the amino acid-rich fly gut environment (Bursell et al. 1973). Additionally, the 
negative impact of glucose on parasite growth may explain why trypanosome infections 
are more readily established in blood-starved tsetse flies than in fed insects (Aksoy et al. 




All procedures were carried out in accordance with the PHS Policy on the Care 
and Use of Laboratory Animals and in accord with the CU PHS Assurance Number 
A3737-01 under the approval of the Clemson University Institutional Animal Care and 
Use Committee (IACUC). Clemson University animal research and teaching facilities 
and programs are registered by USDA, Animal Care (AC) [Registration Number 56-R-
0002] and animal research programs and facilities have full accreditation from the 
Association for Assessment and Accreditation of Laboratory Animal Care, International 
(AAALAC). Euthanasia by heavy anesthetization followed by bilateral pneumothorax 
was used based on recommendations from the AVAM Guidelines for the Euthanasia of 
Animals. 
METHODS 
Trypanosomes and cell culture conditions 
Trypanosoma brucei brucei 427 BF parasites, a representative monomorphic 
strain, were cultured as described in HMI-9 media (Hirumi and Hirumi 1989). LS and SS 
T. brucei AnTat1.1 were isolated from infected Swiss Webster mice 3-4 or 6-7 days after 
infection, respectively, by preparation of buffy coats and purification through DEAE 
chromatography. Cells were maintained in HMI-9 media (with LS density kept under 5  
105 cells/mL) for one day before use.  
To assess trypanosome responses to environmental manipulations, a BF media 
with very low glucose, RPMIθ, was made by modifying HMI-9 (Hirumi and Hirumi 
1989) with additional features adapted from (Hirumi et al. 1977) including replacement 
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of IMDM with glucose-free RPMI that has been buffered with HEPES to pH 7.4, 
elimination of SerumPlus and use of dialyzed FBS (10% f.c.). A PF media with very low 
glucose, SDM79θ, was generated by eliminating glucose from SDM79 (Brun and 
Shonenberger 1979) using dialyzed FBS (10% f.c.) in lieu of standard serum. Both media 
have a final glucose concentration of ~5 μM. To score the impact of culturing under 
extremely low glucose conditions, parasites were washed three times in warmed PBS to 
eliminate residual glucose before resuspension at ~5  105 cells/mL in prewarmed (at 
27°C) SDM79θ with or without additional carbon sources or glucose analogs added. 
Cultures were incubated at 27°C or 37°C in 5% CO2 with their medium changed every 
two days. Cell numbers were scored daily during the first week and every-other-day in 
the second week and cell viability determined by propidium iodide (PI) staining (0.5 
μg/ml final concentration) followed by flow cytometry on a Accuri BD flow cytometer 
(BD Biosciences, San Jose, CA).  
Glucose measurements  
To assay the glucose concentration in the parasite growth media, an Amplex™ 
Red Glucose/Glucose Oxidase Assay Kit (Invitrogen, Carlsbad CA) was used. All time 
points were tested in triplicated, with parasites removed by centrifugation (16,000 x g, 2 
min) and supernatant tested according to the protocol provided by the manufacturer.  
RNA analysis  
To assess the consequence of glucose availability on steady-state transcript 
abundance, RNAseq was performed on LS cells isolated from rodents and cultured in 
HMI9 for one day, SS cells incubated for one day in RPMIθ with or without added 
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glucose (5 mM) supplemented with or without proline and threonine, and PF cells 
differentiated from SS in very low glucose. Three biological replicates of each treatment 
were conducted and RNA was isolated using an Aurum Total RNA Mini Kit (Bio-Rad). 
Libraries were constructed using the TruSeq Stranded mRNA Library Prep Kit (Illumina, 
San Diego, CA USA). Quality metrics were analyzed for all samples using FastQC 
(http://www.bioinformatics.babraham.ac.uk/projects/fastqc). Trimming of low quality 
bases and adapter sequences was performed using trimmomatic (Bolger et al. 2014). 
Trimmed reads were aligned using gsnap to the TriTrypDB-28_TbruceiTREU927 
genome, minus the 11 bin scaffold/chromosome. Subread’s featureCounts was used to 
identify reads uniquely assigned to known genes in the correct direction of transcription 
(Liao et al. 2014). Raw read counts were then used as input to edgeR for differential gene 
expression (DGE) analysis using generalized linear models (GLM) (Robinson et al. 2010; 
McCarthy et al. 2012). Genes with low coverage across all samples were filtered out, and 
library sizes were normalized using the trimmed mean of M-values method. Sample 
comparisons were set up as likelihood ratio tests, and genes having a FDR of < 0.05, 
|logFC| ≥ 1.0, and CPM >10 were considered to have significant expression abundance 
changes. Principal response curves (PRC) analysis was used to elucidate the patterns in 
gene expression profile across time as the organism transitioned from SS form with 
glucose to PF without glucose (LS was included as a control ) (Van den Brink and Braak 
1999). PRC analysis was run on the CPM normalized counts data using the R package 
vegan with the command prc() (Oksanen et al. 2017).  
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To verify the quality of RNAseq, qRT-PCR was performed using a Verso 1-step 
RT-qPCR Kit (ThermoFisher) in a CFX96 Touch™ Real-Time PCR Detection System 
(Bio-Rad) for selected transcripts. Ct values of transcripts were used to solve relative 
expression by the comparative Ct (2-ΔΔCT) method using the expression of the telomerase 
reverse transcriptase (TERT) gene or 60S ribosomal protein L10a (RPL10A) as reference 
as described (Schmittgen and Livak 2008; Brenndorfer and Boshart 2010; Haanstra et al. 
2011). Primers for transcripts were designed through Genscript Real-time PCR (TaqMan) 
Primer Design (https://www.genscript.com/tools/real-time-pcr-tagman-primer-design-
tool) and confirmed by blasting against the Trypanosoma brucei brucei TREU927 
transcriptome database on TritrypDB (http://tritrypdb.org/tritrypdb/). A list of primers 
used in qRT-PCR can be found in Supplementary Table A-4.  
Flow cytometry and epifluorescence microscopy  
For analysis of surface molecule expression of parasites by flow cytometry, 
antibody staining was performed using protocols modified from (Clemmens et al. 2009). 
Briefly, 0.5-2   106 cells were washed in PBS and fixed in 4% formaldehyde/0.05% 
glutaraldehyde for 1 hour at 4°C. Cells then incubated in blocking solution (2% BSA in 
PBS) for 1 hour before application of FITC-conjugated EP procyclin antibody 
(monoclonal antibody TBRP1/247, Cedarlane Laboratories, 1:1000) or PAD1 antibody (a 
generous gift of Dr. Keith Matthews, University of Edinburgh, 1:1000). Cells were 
washed three times in PBS before addition of Alexa Fluor 488-conjugated goat anti-
mouse (1:1000) or goat anti-rabbit secondary antibody (ThermoFisher Scientific, 1:1000) 
prior to analysis by flow cytometry. 
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Immunofluorescence assays were performed using a protocol modified from 
(Field et al. 2004). Parasites (1 × 106 cells) were harvested (800 x g, 8 min), washed with 
PBS, and then fixed in 4% formaldehyde in PBS for 30 minutes at 4°C. Cells were 
washed with PBS, allowed to settle on poly-lysine coated slides, and permeabilized with 
0.1% Triton X-100 in PBS for 30 min. After being washed in PBS, cells were incubated 
in blocking solution (10% normal goat serum and 0.1% Triton X-100 in PBS) for 1 hour 
at room temperature, followed by addition of the FITC conjugated EP procyclin antibody 
diluted at 1:100 or PAD1 antibody diluted at 1:100 in blocking solution. Primary 
antibodies were detected with Alexa Fluor 488-conjugated antisera diluted at 1:1000. 
Vectashield mounting medium with DAPI was applied for the detection of nucleus and 
kinetoplast DNA. Cells were visualized on a Zeiss Axiovert 200M using Axiovision 
software version 4.6.3 for image analysis.  
ACKNOWLEDGMENTS 
The authors would like to thank Sarah Grace McAlpine for her technical 
assistance and Drs. Kimberly Paul and Meredith Morris for their comments on the 
manuscript.  
 
Abbreviations: BF, bloodstream form T. brucei; GDP, glucose-dependent 
pathway; GIP, glucose-independent pathway; IF, immunofluorescence; LS, long slender 
bloodstream form T. brucei; PF, procyclic form T. brucei; RPMIθ, a BF media with 
minimal glucose; SDM79θ, a PF media with minimal glucose; SS, short stumpy 
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The ability to adapt to varying nutrient availability in changing environments is 
critical for successful parasitism. The lifecycle stages of Trypanosoma brucei, the 
African trypanosome, that infect the host mammalian bloodstream utilize glucose 
exclusively for ATP production. The finding that trypanosomes also inhabit other tissues 
that frequently contain lower glucose concentrations suggests blood stage parasites may 
have to respond to a dynamic environment with changing nutrient availability in order to 
survive. However, little is known about how the parasites coordinate gene expression 
with nutrient availability. Through transcriptome analysis, we have found blood stage 
parasite deprived of glucose alter gene expression in a pattern similar to transcriptome 
changes triggered by other stresses. A surprisingly low concentration of glucose (<10 
μM) was required to initiate the response. To further understand the dynamic regulation 
of gene expression that occurs in response to altered glucose availability in the 
environment, we have interrogated the 3’UTR of cytochrome c oxidase subunit VI, a 
known lifecycle stage regulated gene, and have identified a stem-loop structure that 
confers glucose-responsive regulation at the translational level. 
 
 







T. brucei encounters dramatic environmental changes and undergoes extensive 
physiological and metabolic alterations as it transits through its lifecycle in both the 
mammalian host and the tsetse fly vector. In the mammal, the bloodstream form (BF) 
parasites, which have been found to colonize a variety of tissues in addition to the 
bloodstream including the skin, brain, fat, and testis, respond to environmental cues with 
niche-specific responses (Capewell, Cren-Travaille et al. 2016)(Claes, Vodnala et al. 
2009, Trindade, Rijo-Ferreira et al. 2016). Similarly, in the fly vector, procyclic form 
(PF) trypanosomes sense their environment, modulating development into distinct tissue-
dependent lifecycle stages in response to niche-specific cues (Sharma, Gluenz et al. 
2009). 
Trypanosomes experience different glucose concentrations in the tissues of their 
mammalian host and tsetse fly vector, suggesting that hexose abundance could serve as a 
cue to orient parasites to the identity of their niche. While BF parasites in the blood are 
exposed to glucose levels maintained at ~5 mM, T. brucei can also infect the brain or 
testes. In these organs, the glucose concentration can be lower (~1 mM in the former and 
less than 0.1 mM in the latter) (Robinson and Fritz 1981, McNay and Gold 1999, Levin 
2000, de Vries, Arseneau et al. 2003)). Further, parasites in the skin and fat tissue may 
encounter reduced glucose levels. This has consequences for the parasite, as 
trypanosomes found in these tissues have distinct gene expression patterns that suggest 
they are able to metabolize alternative carbon sources (Trindade, Rijo-Ferreira et al. 
2016). The health of the host may also influence glucose availability, as trypanosome 
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infection can lead to changes in both blood and cerebrospinal fluid glucose levels (Moon, 
Williams et al. 1968, Bisoffi, Beltrame et al. 2005, Batista, Rodrigues et al. 2011). In 
vitro assays support the responsiveness of BF trypanosomes to altered glucose 
availability. For example, inhibition of glycolysis with the hexose transport inhibitor 
phloretin or the glycolytic poison 2-deoxy-glucose (2-DOG) has been shown to alter BF 
gene expression (Haanstra, Kerkhoven et al. 2011).  
The gene expression changes in response to altered glucose availability are likely 
the consequence of post-transcriptional regulation, as T. brucei minimally regulates genes 
at the transcription level (Schwede, Kramer et al. 2012). This is due, in part, to the 
polycistronic nature of the organization of the parasite genome, which has multiple 
protein-coding genes clustered together that are co-transcribed by RNA polymerase II 
into polycistronic primary transcripts. These primary transcripts are then matured through 
the regulated processes of trans-splicing and polyadenylation into functional mRNAs 
(Preusser, Jae et al. 2012). Mature transcripts are also subject to multiple levels of 
regulation, including alternative splicing, regulated transcript transport and subcellular 
localization, and degradation (Kolev, Ullu et al. 2014).  
Key cellular components that participate in post-transcriptional regulation include 
RNA binding proteins, metabolites, and non-coding RNAs (Fernández-Moya, Carrington 
et al. 2014). Two cis-acting regulatory 3’UTR elements have been identified in T. brucei 
that are the basis for responses to specific environmental signals. The first, a 25-
nucelotide element, is responsible for glycerol-induced changes in GPEET procyclin 
expression (Vassella, Probst et al. 2004). In the second, a 35-nucleotide stem-loop in the 
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3’UTR of the NT8 purine transporter gene is responsible for repressed expression in 
response to guanosine (Fernández-Moya, Carrington et al. 2014). Other cis-acting 
elements have been identified that are related to lifecycle stage-dependent expression. 
These include a 16-nucleotide element shared by several procyclin mRNAs (Hehl and 
Roditi 1994), a 26-nucleotide stem-loop in the 3’UTR of  EP1 procyclin (Hotz, Hartmann 
et al. 1997, Mayho, Fenn et al. 2006), a 7-nucleotide motif in PUF9 target mRNAs 
(Archer, Luu et al. 2009), and a 34-nucleotide element in the 3’UTR of ESAG9 family 
members transcripts (Monk, Simmonds et al. 2013).  
Here, we describe the impact of changes to environmental glucose on BF 
parasites steady state transcript abundance. Additionally, we have identified a novel 
regulatory element in the 3’UTR of the cytochrome oxidase subunit VI (COXVI). This 
element, which is predicted to be a component of a stem-loop structure in the gene, 
regulates translation in response to glucose abundance.  
MATERIALS AND METHODS 
Parasite culture and treatment 
Bloodstream-form (BF) 9013, a derivative of Lister strain 427 (Wirtz, Leal et al. 1999), 
were cultured in HMI9 (Hirumi and Hirumi 1989) or glucose-deficient media (RPMIθ), a 
media developed from (Hirumi et al. 1977) that includes glucose-free RPMI buffered 
with to pH 7.4 with HEPES as a replacement for IMDM, elimination of SerumPlus, and 
use of dialyzed FBS (10% f.c., Corning). Procyclic form (PF) 2913 parasites (also a 
Lister 427 derivative) were cultured in SDM79 (Brun and Schonenberger 1979) or low 
glucose media (SDM79θ), a modified SDM79 that lacks additional glucose and has 
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standard serum replaced with dialyzed FBS (10% f.c.). Both media have a final glucose 
concentration of ~5 μM. For treatments designed to remove glucose, parasites in log 
phase were collected (800 x g, 8 min) and washed three times in PBS before being 
resuspended at 2-6 x105 cell/mL in pre-warmed RPMIθ supplemented with or without 5 
mM glucose. 
RNA analysis 
Total RNA was isolated using an Aurum Total RNA Mini Kit (Bio-Rad) and real-
time quantitative PCR performed using a Verso 1-step RT-qPCR Kit (ThermoFisher) in a 
CFX96 Touch™ Real-Time PCR Detection System (Bio-Rad). The 60S ribosomal 
protein L10a (RPL10A) or telomerase reverse transcriptase (TERT) genes were used as 
expression references to solve transcript Ct values using the comparative Ct (2-ΔΔCT) 
method (Schmittgen and Livak 2008; Brenndorfer and Boshart 2010).  
Libraries were constructed using the TruSeq Stranded mRNA Library Prep Kit 
(Illumina, San Diego, CA USA) and input RNA normalized to 200 ng per sample. 
Sequencing was performed on either an Illumina HiSeq2500 (Hollings Cancer Center, 
Medical University of South Carolina), at 2 x 125 paired-end reads or an Illuimina 
NextSeq 550 (Genomics & Computational Laboratory, Clemson University) at 2 x150 
paired-end reads. FastQC (http://www.bioinformatics.babraham.ac.uk/projects/fastqc) 
and Trimmomatic (Bolger, Lohse et al. 2014) were used to assess quality metrics with 
low quality bases and any adapter sequences removed. GSNAP (Wu and Nacu 2010) was 
used to index and align reads to the T. brucei TREU927 reference genome minus the 11 
bin scaffold/chromosome (http://tritrypdb.org). Subread’s featureCounts (Liao, Smyth et 
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al. 2014) was used to count uniquely mapped, properly paired reads per gene for each 
sample. The Bioconductor package edgeR (Robinson, McCarthy et al. 2010, McCarthy, 
Chen et al. 2012) was used to calculate differential gene expression and produce plots. 
Constructs and luciferase assays 
A trypanosome luciferase expression vector was generated by cloning the 
luciferase open reading into pXU, a pXS6-derived plasmid modified by elimination of 
the trypanosome UTRs flanking the multi-cloning site (Supplementary figure B-1). The 
5’UTR sequences were inserted between the ClaI and BamHI sites or introduced by PCR 
prior to cloning, while different 3’UTRs were cloned into the XhoI and HindIII sites. 
Plasmids were linearized by NotI and transfected into BF as described described 
(Alexander, Schwartz et al. 2002).  
Luciferase activity was measured using a slightly modified protocol from 
(Fernández-Moya, Carrington et al. 2014). Briefly, 2  106 cells were pelleted (800 x g, 8 
min, RT) before being washed once in PBS. Cell pellets were resuspended in 100 μL of 
lysis buffer (100 mM potassium phosphate, pH 7.8, 2 mM dithiothreitol (DTT), 0.1% 
Triton X-100, 10% glycerol.), vortexed, and incubated on ice (5 min). Debris was 
removed by centrifugation (16,000 x g, 10 min, 4oC) and the supernatant was transferred 
to pre-chilled PCR tubes. Luciferase assays were then performed using the Luciferase 
Assay System (Promega) in a BioTek™ Synergy™ H1 Hybrid plate reader according to 
the manufacturer’s direction and relative luciferase activity normalized to cell number. 
RESULTS 
Assessment of BF viability in the absence of glucose 
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 Glucose is a critical carbon source for BF trypanosomes. To understand how BF 
parasites respond to glucose depletion, the viability of cells grown in media with different 
concentrations of the hexose was determined. When BF parasites were seeded at 3 x 105 
cells/mL in very low glucose media (RPMIθ, ~ 5 μM glucose) supplemented with 5 mM 
glucose, viability was maintained and cell division was detectable after six hours (Figure 
3.1A). If supplemental glucose was not added, BF parasites did not proliferate but most 
(~80%) remained viable for at least 12 hours. After 12 hours, both cell number and the 
percentage of viable cells decreased (Figure 3.1B).  
 
Figure 3.1. BF cells are viable in the near-absence of glucose for at least 12 hours. (A) Growth curve of 
BF T. brucei cells in RPMIθ supplemented with or without 5 mM glucose. Bars indicate standard deviation. 
(B) Assessment of the viability of cells during the treatment by propidium iodide staining. glc, glucose. 
 
Transcriptome analysis of bloodstream form trypanosomes in glucose-rich and 
deficient conditions 
The period of time when BF parasites viability was largely unaffected by the 
near-absence of glucose offered an opportunity to score parasite response to the 
treatment. To analyze this response, high-throughput sequencing (RNAseq) was 
performed on BF incubated for 12 hours in very low glucose media supplemented with or 
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without 5 mM or 1 mM glucose. While there were almost no differences between the 
transcriptomes of cells grown in 5 mM and 1 mM glucose, 1882 transcripts were 
differentially expressed with at least a 2-fold change in expression level (and FDR < 
0.05) in cells cultured in the near absence of glucose (~5 μM). Of the differentially 
regulated genes, 1282 were upregulated and 600 were downregulated (see Supplementary 
Table B-1 for the full list).  
Differentially expressed transcripts were mapped to Kyoto Encyclopedia of Genes 
and Genomes (KEGG) pathways (Kanehisa, Araki et al. 2008) through TritrypDB 
(Aslett, Aurrecoechea et al. 2009) and analyzed for Gene Ontology (GO) enrichment. 
When the KEGG groups were ranked based on the significance of fold-enrichment, 
transcripts of TCA cycle-associated genes were among the most significantly upregulated 
while genes associated with glycolysis, an indispensable pathway for BF parasites ATP 
generation, were among the most down-regulated (Figure 3.2 and Supplementary Table 
B-2). These changes in the expression of metabolic genes were similar to those observed 
in BF treated with phloretin (Haanstra, Kerkhoven et al. 2011).  
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Figure 3.2. Transcriptome remodeling of major pathways in BF parasites when glucose was 
removed. Significantly regulated genes were mapped to the Kyoto Encyclopedia of Genes and Genomes 
(KEGG) pathways. Only genes that were overrepresented in up- and down-regulated pathways are shown 
(p-value < 0.01). 
 
GO enrichment analysis revealed a significant upregulation of transcripts 
encoding transporters on cell surface, as well as those involved in regulation of 
macromolecule metabolic process and gene expression at posttranscriptional level 
(Figure 3.3A). Genes encoding glycosomal components, as well as proteins related to 
unfolded protein binding, RNA binding, and aminoacyl-tRNA ligase activity were 
downregulated (Figure 3.3B). 
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Figure 3.3. Gene Ontology (GO) enrichment of significantly regulated transcripts in BF parasites 
when glucose was removed. Only the top five GO non-general terms in each category are included (p-
value < 0.001). For a complete list, please see Supplementary Table 3. 
 
Notably, several developmentally-regulated genes were also found in the list of 
glucose-responsive differentially-expressed genes. These included several significantly 
upregulated transcripts encoding proteins essential for differentiation, like PAD2 
(Tb927.7.5940), PAD1 (Tb927.7.5930) and RBP6 (Tb927.3.2930), as well as 
developmentally-regulated metabolism genes that are involved in oxidative 
phosphorylation like COXVI (Tb927.10.280), COXVII (Tb927.3.1410), and COXVIII 
(Tb927.4.4620) (Supplementary Table B-1). Glycosome-resident protein genes that 
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function in aspects of glucose metabolism, another developmentally-regulated metabolic 
pathway, were significantly downregulated, including enolase (Tb927.10.2890), fructose-
bisphosphate aldolase (Tb927.10.5620) and glyceraldehyde 3-phosphate dehydrogenase 
(Tb927.6.4300).  
Since glycolysis is critical to BF trypanosomes for ATP production, the observed 
transcriptome regulation after glucose removal could reflect a response to general cellular 
stress. To begin to address this possibility, BF cells were treated with blasticidin, an 
antibiotic that inhibits protein translation and represses cell growth. Cells were treated 
with the drug and harvested when the majority of the population was still viable 
(Supplementary figure B-2) and the expression pattern of select genes was assessed. By 
quantitative reverse transcriptase-PCR (qRT-PCR), most transcripts tested after either 
blasticidin treatment or culture in the near-absence of glucose were similarly regulated, 
suggesting the observed changes in these cases was not specific to the reduction of 
glucose. However, hexokinase 1 (HK1), trypanosome hexose transporter 1 (THT1), EP 
procyclin (EP), and GPEET procyclin (GPEET) were among the genes that were 
differentially regulated in cells cultured in the near-absence of glucose (Figure 3.4) but 




Figure 3.4. Comparison of the impact of glucose depletion to treatment with blasticidin on relative 
transcript abundance in BF parasites. Total RNA was isolated as described in the Material and Methods 
and analyzed by qRT-PCR. The expression level of transcripts were compared to their level in untreated 
cells to generate a fold change. Triangles indicate genes that are differentially regulated in response to 
glucose depletion when compared to those regulated in response to blasticidin treatment. Error bars indicate 
standard deviations in triplicate.  
-Glc, glucose depletion treatment; +Bla, blasticidin treatment; HK1, hexokinase 1; THT1, glucose 
transporter 1; THT2, glucose transporter 2; PGI, glucose-6-phosphate isomerase; ALD, Fructose-
bisphosphate aldolase; PGKC, Phosphoglycerate kinase C; PGKB, Phosphoglycerate kinase B; PFK, ATP-
dependent phosphofructokinase; PYK, pyruvate kinase; GAPDH, Glyceraldehyde 3-phosphate 
dehydrogenase; EP, EP procyclin; GPEET, GPEET procyclin; PAD2, protein associated with 
differentiation 2; CS, citrate synthase; SDH, Succinate dehydrogenase; COXVI, cytochrome oxidase 
subunit VI; PRODH, proline dehydrogenase. 
 
The glucose-responsive regulation is rapid and requires an unexpected low level of 
glucose 
To study the timing and glucose concentration required for regulation induced by 
glucose depletion, three significantly upregulated transcripts, HK1, COXVI, and RNA 
binding protein 5 (RBP5) were selected as reporter genes. The transcript abundance of 
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these reporter genes was scored from BF cells incubated in RPMIθ for one hour, two 
hours, six hours, and 12 hours and compared to those seeded in RPMIθ with 5 mM of 
glucose. Transcripts of all three genes were found to be upregulated one hour after 
treatment (Figure 3.5A), suggesting the regulation is rapid. To assess the glucose 
concentration required for the observed regulation, BF cells were incubated in media with 
different amounts of glucose (5, 10, 55, and 500 M) for two hours followed by 
assessment of reporter transcript abundance. Surprisingly, significant up-regulation of the 
reporter genes was not observed unless the glucose concentrations were below 10 μM 
(Figure 3.5B). 
 Figure 3.5. The glucose-related regulation appear to require an extremely low level of 
glucose. The expression change of three genes known to be upregulated by glucose depletion were used as 
reporter genes and analyzed by qRT-PCR. The expression level of each transcript was compared to its level 
in untreated cells to generate a fold change. (A) The regulation of the three gene in BF cells deprived of 
glucose for 1 hour, 2 hours, 6 hours, and 12 hours after treatment. (B) The regulation of the three reporter 
genes in BF cells incubated in RPMIθ media contains 500 μM, 55 μM, 10 μM, and 5 μM of glucose, 





The 3’UTR of COXVI is responsible for glucose-dependent regulation 
Transcript steady-state abundance in Kinetoplastida parasites is primarily 
controlled by post-transcriptional means and the responsible regulatory genetic elements 
are frequently located in the 3’UTR of the regulated genes (Haile and Papadopoulou 
2007). Cytochrome oxidase subunit VI (COXVI) encodes a product that is essential for 
the electron transport chain, which is largely repressed in BF (Smith, Bringaud et al. 
2017). The 3’UTR of COXVI has been studied in the context of lifecycle stage-specific 
regulation, with regulatory regions identified that primarily operate at the translational 
level (Mayho, Fenn et al. 2006). To determine if the 3’UTR of COXVI harbors similar 
elements responsible for the observed upregulation after glucose depletion, the sequence 
was cloned downstream of a luciferase gene reporter and stably integrated into BF cells. 
The 5’UTR of COXVI was also tested using the same system, with the 5’UTR of the EP1 
procyclin gene and 3’UTR of the actin gene used as controls. 
Cells harboring stably-integrated luciferase were cultured in glucose-replete 
conditions and then washed, resuspended in RPMIθ or RPMIθ supplemented with 5 mM 
glucose and incubated for two hours prior to RNA analysis (Figure 3.6A) or testing for 
luciferase activity (Figure 3.6B). Luciferase steady state transcript levels were not 
influenced by the presence of either the COXVI 5’ or 3’UTR (Figure 3.6A). Luciferase 
activity, however, was increased almost three-fold from constructs harboring the COXVI 
3’UTR luciferase, while the 5’UTR had no impact on differential expression in response 
to glucose (Figure 3.6B).  
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Figure 3.6. The 3’UTR of COXVI regulates luciferase activity at the protein level. BF cells 
where stably transformed with pXU bearing the luciferase ORF cloned between different 5’ and 3’UTRs. 
The EP1 5’UTR and actin a 3’UTR were used as controls. Luciferase activity (A) and steady-state 
transcript abundance (B) were assessed. In both cases, control cells in glucose-replete media were used as 
references for normalization. Bars represent standard deviation in triplicate. ** indicates at least 2-fold 
change in activity with p-value < 0.01 according to a two-side student t-test. 
 
Identification of a regulatory element within the COXVI 3’ UTR  
The length (187 nucleotides) and relatively simple predicted secondary structure 
of the COXVI 3’UTR served as the starting point to identify a glucose responsive 
regulatory element. Using the RNAstructure web server (Reuter and Mathews 2010), the 
COXVI 3’UTR structure was modeled, which resulted in a hairpin-like structure with the 
first and last ~60 nucleotides of the UTR partially annealing to form the stem. The 
intervening region from nucleotides 77-124 were predicted to form two short stem-loops 
(SLI and SLII, Figure 3.7A). 
To test the importance of these putative structures in the glucose responsive 
increase in expression, modified COXVI 3’UTRs were generated by mutation and fused 
to the luciferase gene (Figure 3.7B). Modeling of these altered 3’UTRs suggests the 
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changes had a variable impact on the overall structure (Supplementary figure B-3.3). 
Removal of the first 60 nucleotides of the 3’UTR (60) did not alter the glucose-
responsive expression of luciferase activity. However, differential expression was 
abolished after removal of the first 120 nucleotides (120, Figure 3.7C). This result 
suggested the region between nucleotides 60 and 120, which includes the stem-loops SLI 
and SLII in the structural model, contain a potential regulatory element.  
Figure 3.7. Resolving components of the COXVI 3’UTR that impart regulation in response to 
glucose depletion. (A) The predicted maximum free energy secondary structure of the COXVI 3’UTR. 
Stem-loop I (SLI) and stem-loop II (SLII) are indicated, with an additional feature at the apex of SLII was 
named sSLII. (B) Schematic of the constructs used to explore the role of the COXVI 3’UTR on expression. 
The EP1 5’UTR was used in all constructs and deletions (Δ) and position of the eliminated nucleotides are 
indicated. (C) Luciferase activity was measured for all variants. Relative activity levels were normalized to 
signal from cells cultured in glucose rich media expressing luciferase fused to the full-length COXVI 
3’UTR. Bars represent standard deviation. ** indicates at least 2-fold change in activity with p-value < 0.01 




The second stem-loop mediates changes in gene expression in response to glucose-
deficiency  
To study whether SLI or SLII between nucleotides 77-124 were necessary for 
glucose-responsiveness, constructs bearing luciferase under the regulation of a 3’UTR 
missing either stem-loop were generated by mutagenesis and tested for their impact on 
mRNA steady state levels and luciferase expression.  
In the absence of the first stem-loop (ΔSLI), the glucose-responsive increase in 
luciferase activity was not altered (Figure 3.7C). However, elimination of 12 nucleotides 
from the apex of SLII, to yield ΔsSLII, did abolish the response of the element. This 12-
mer was insufficient to impart glucose-dependent regulation to 3’UTRs not normally 
subject to such regulation. For example, the addition of sSLII to the of actin a (ACT) or 
the 60S ribosomal protein L10a (RPL10A) 3’UTRs did not alter luciferase expression 
glucose-depleted conditions (Figure 3.8A). However, modification of the ACT or 
RPL10A 3’UTRs by addition of the 26-nucleotide SLII was sufficient to impart glucose-
sensitive regulation to luciferase expression (Figure 3.8A.)   
To resolve the nucleotides in SLII that were essential for the glucose 
responsiveness of the element, mutations were made in the SLII in the context of full-
length COXVI 3’UTR and luciferase expression assessed. (For a full list of secondary 
structure predictions for these variant UTRs, see Supplementary figure B-3.4). Mutation 
of uracil 114 in the COXVI 3’UTR into adenine increased the number of nucleotides in 
the loop and had little impact on the upregulation of luciferase (Figure 3.8C). All other 
mutations, including replacement of the two guanines on the loop with uracils (resulting 
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in a loop composed of only uracils), replacement of the two uracils on the loop by 
guanines (to yield a loop of only guanines), mutation of guanine 118 into uracil 
(changing the bubble adjacent to the loop into a stem), and mutation of guanine 109 into 
cytosine (which disrupted the whole SLII structure), abolished the upregulation of 
luciferase in cells deprived of glucose (Figure 3.8C). These results suggest the four 
nucleotides on the loop, the adenine or guanine in the bubble, and the overall structure 
are important for the regulation. 
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Figure 3.8. Identification of structure and sequence features in SLII that are required for 
responsiveness to glucose depletion. (A) Luciferase activity measured from trypanosomes expressing 
luciferase under the regulation of the actin a (ACT) or 60S rRNA L10A (RPL10A) 3’UTRs with or without 
sSLII or SLII appended to the 3’ end. (B) Prediction of two possible secondary structures of SLII. The apex 
of SLII, coined sSLII, is indicated. (C) Luciferase activity from cells expressing luciferase under the 
regulation of mutant COXVI 3’UTRs. Relative activity levels were normalized to the activity scored from 
parasites expressing luciferase fused to the actin a 3’UTR (A) or wild type COXVI 3’UTR in glucose-
replete media (C). Bars represent standard deviation in triplicate. ** indicates at least 2-fold change in 
activity with p-value < 0.01 according to a two-side student t-test. * indicates less-than-2-fold change in 




The mammalian infectious stage of the African trypanosome occupies diverse 
niches that have different levels of available glucose. While the average glucose level in 
blood plasma are maintained at ~5 mM, other tissues contain a more dynamic range of 
this sugar. Brain glucose is only ~10-20% of the levels found in blood (Mulenga, 
Mhlanga et al. 2001, de Vries, Arseneau et al. 2003), while the glucose concentration in 
the seminiferous tubular fluid of the testes is even lower (less than 2% that of blood) 
(Voglmayr, Waites et al. 1966, Robinson and Fritz 1981, Claes, Vodnala et al. 2009). BF 
parasites incubated in the near-absence of glucose remained viable for half a day during 
which time the expression of many lifecycle stage transcripts were altered. This behavior 
usually occurs as the parasite transits to the next host, the tsetse fly. The differentiation-
like trend in transcriptome change was also observed in BF parasites treated with 
phloretin (Haanstra, Kerkhoven et al. 2011), although there were notable differences in 
transcript profiles between the treatments. These differences include changes in the 
expression of EP, GPEET, THT1, and HK1.  
Other stage-specific transcripts were also regulated in response to blasticidin 
(Figure 3.4), a treatment that interferes with translation. A very similar trend of regulation 
was observed in BF treated with 2-DOG, a competitive inhibitor of hexokinases 
(Haanstra, Kerkhoven et al. 2011) (Supplementary figure B-3.5). Manipulation of inositol 
polyphosphate multikinase (IMPK) levels in BF parasites has recently been shown to 
trigger a series of gene expression changes consistent with progress toward 
differentiation to PF parasites, such as the loss of VSG and expression of EP procyclin 
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(Cestari, Anupama et al. 2018). Together, these data suggest an overall similar response 
among BF trypanosomes that encounter different life-threatening stresses.  
The response to glucose depletion may be, in part, tailored to the low glucose 
conditions the parasite potentially encounters in vivo (in certain tissues, for example). The 
upregulation of THT1 and HK1 may be an effort to improve uptake and utilization of 
glucose as concentrations of the hexose fall, while the concurrent downregulation of 
procyclin genes suggests the parasite is pausing the developmental reprogramming 
required to differentiate to the next lifecycle stage under the nutrient-deficient 
environment. Of note, these studies used lab-adapted monomorphic BF that are only 
partially able to respond to authentic environment cues that are known to trigger 
pleomorphic parasites to differentiate {Fenn, 2007 #578}{Silvester, 2017 #649}. 
Therefore, it is possible that these responses reflect unique behaviors of laboratory 
strains.  
The regulation of transcript abundance in response to glucose depletion is rapid, 
taking place within hours of treatment. This is consistent with the observation that 
developmentally related transcripts tend to have short half-lives as a result of regulation 
through mechanisms that control mRNA decay rates (Fadda, Ryten et al. 2014). 
Curiously, the glucose concentration required to observe the regulation was lower than 10 
μM. Mammalian tissues tend to have higher available glucose concentrations but 
parasites in tissues that already have extremely low glucose level (like the testes) may 
deplete glucose to levels low enough to initiate the response (Ryley 1962, Smith, 
Bringaud et al. 2017). Interestingly, this concentration is also below the KM values for all 
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known glucose binding or transporting proteins in T. brucei (Barrett, Tetaud et al. 1995, 
Morris, DeBruin et al. 2006), indicating the existence of an unknown mechanism of 
glucose perception in the parasite. 
 The cytochrome c oxidase complex is highly expressed in PF and lacking 
in proliferative BF (Priest and Hajduk 1994). The 3’UTRs of COX family members have 
been studied in the context of life stage developmental regulation (Mayho, Fenn et al. 
2006) and an 8-nucleotide element (UAUUUUUU) in genes of the family has been 
described. While COXVI transcripts harbor a shortened version of this element 
(UAUUUUU) in the last 60 nucleotides of the 3’UTR, this sequence is not responsible 
for the regulation induced by glucose removal. Deletion of the first 120 nucleotides of the 
COXVI 3’UTR, which preserved the UAUUUUU, eliminated the glucose responsiveness 
of the UTR (Figure 3.7C).  
Another consensus sequence, UAG(G)UA(G/U), has also been identified in six 
members of the COX family (Mayho, Fenn et al. 2006). The COXVI 3’UTR contains two 
versions of this sequence. The first one, UAGUAG, is located at nucleotides 22–27 of the 
COXVI 3’UTR, while the second, UAGUAU, (nucleotides 86–91) makes up part of SLI. 
Deletion of the first was found to increase reporter protein activity in BF ~3-fold (Mayho, 
Fenn et al. 2006). In this study, the deletion of the first 60 nucleotides (eliminating the 
first UAG(G)UA(G/U)), or deletion of SLI (which eliminates the second 
UAG(G)UA(G/U)), only slightly altered the steady-level abundance of luciferase (Fig 
7C). Moreover, the glucose-depletion induced regulation was largely maintained in these 
two constructs (Figure 3.7C), indicating UAG(G)UA(G/U) was not responsible for the 
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regulation triggered by glucose removal. Interestingly, the deletion of the first 
UAG(G)UA(G/U) introduced a new stem-loop structure into the 3’UTR based on 
secondary structure modeling (Supplementary figure B-3.3). The same stem-loop 
structure was not formed when either the first 60 nucleotides or the SLI of COXVI 3’UTR 
were removed (Supplementary figure B-3.3) and may have been important for the 
previously observed increase in reporter activity (Mayho, Fenn et al. 2006).   
Structural features are believed to be central for the recognition of RNA 
regulatory elements (RREs) by RNA binding proteins (RBPs) (Kligun and Mandel-
Gutfreund 2015). RBPs typically do not access primary nucleotide sequence information 
in regions of double-stranded structure but rather recognize sequences in single-stranded 
regions  (Allers and Shamoo 2001). Single-stranded regions of the SLII of COXVI 3’UTR 
were important for sugar-based regulation, as mutations that altered either the single-
strand loop or bubble of SLII impacted the response. Additionally, changing the 
structural context of the critical nucleotides in the SLII altered element function. This was 
demonstrated by the loss of regulation noted after engineering a single nucleotide 
mutation predicted to change the overall structure of the 3’UTR. The only variant that 
maintained normal glucose-responsive protein expression resulted in a predicted enlarged 
loop with unaltered single-stranded recognition sequences at the apex of the loop.  
In this study we discovered a novel 26 -nucleotide regulatory element in the 
COXVI 3’UTR that responds to the near-absence of glucose by increasing protein 
translation without a corresponding increase in steady-state transcript abundance. This 
regulatory element is characterized by an imperfect short stem with a loop at its apex 
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containing the tetrameric nucleotide sequence GUUG. Although we have not identified 
sequences with high identity to the element in other transcripts, stem-loops with similar 
structural and sequence features have been identified in other upregulated transcripts like 
HK1, PAD2, CS, COXVII and COXVIII (Supplementary figure B-3.6). The role of these 
in translational regulation remains to be resolved.  
Our findings suggest that African trypanosomes respond to general translational 
stress or external glucose depletion through a regulatory network that influences the 
stability and translation of certain groups of transcripts required for adaptation. 
Understanding the adaptive behavior of parasites under these stressful conditions, 
particularly during drug treatment, could reveal means for the development of targeted 
strategies to combat drug resistance, especially for those drugs that target critical 
metabolic pathways. 
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SUMMARY AND FUTURE PESPECTIVES 
 
The eukaryotic parasite T. brucei transits between a mammalian host and an 
insect vectors during its life cycle. To adapt to new environments with different energy 
sources, parasites have to monitor and respond to environmental cues. Potential 
environmental signals for parasites include temperature, pH, osmolality, density, 
metabolites, stresses from the host immune or digestive systems, and the availability of 
nutrients (Duraisingh and Horn 2016). Given the complexity of changes that the parasite 
undergoes during transition from one niche to another, the cues to initiate the molecular 
switch of the development program may consist of multiple signals. This idea is 
supported by the evidence that differentiation of SS to PF parasites can be initiated by 
either low pH, protease, or a combination of cold shock and citrate (Szoor et al. 2013). 
These signals appear to work in a synergic manner, either through similar or different 
signaling pathways (Rolin et al. 1998; Szoor et al. 2013).  
Our work proposes that glucose is also a major component in the signal cascade 
that differentiate SS forms into the PF lifecycle stage. Others have described how SS 
parasites treated with a high concentration of CCA (6 mM) started to express the PF 
marker protein EP procyclin within one day. These cells also exited G0 arrest at about the 
same time. However, when a more physiological related condition was used (cold shock 
following by addition of 15.9 μM citrate), SS cells did not start proliferating until day 
four, although they initiated EP procyclin expression within hours. PF cells differentiated 
using either approach had normal initial growth rates, but division slowed and 
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proliferation ceased for several weeks. In contrast, SS treated by glucose depletion alone 
did not have detectable EP procyclin expression or growth for three days but the resulting 
differentiated PF cells had a normal growth rate and never showed a growth retardation. 
Moreover, comparative transcriptome analysis revealed a near-complete upregulation of 
genes involved in amino acid metabolic pathways in PF cells differentiated by glucose 
depletion, while only a small portion of these genes were upregulated in PF parasites 
differentiated by CCA. This difference could account for the observed growth defects in 
CCA-differentiated cells 
A hypothetical model of differentiation-triggering pathways is shown in Figure 
4.1. The differentiation program of SS cells includes the switching of surface molecule 
expression (from VSG to procyclin), resumption of growth, and remodeling of 
metabolism (from glucose-based to amino acid-based). Citrate probably activates 
signaling pathways that can rapidly upregulate EP procyclin expression, although the 
same pathways seem to be less competent in switching metabolism. Glucose depletion, in 
contrast, appears to be important for the full activation of amino acid metabolism but not 
very proficient at triggering EP procyclin expression. Cold shock can boost both 
pathways, accelerating the whole differentiation reprograming. It will be important to 
determine in the future whether the major metabolic pathways in PF parasites 





Figure 4.1. Schematic of the impact of citrate and glucose on SS parasite development. 
Besides serving as a developmental signal, glucose is also a growth inhibitor for 
PF cells differentiated from SS parasites. The same inhibition was observed in PF cells 
isolated from their natural habitat (van Grinsven et al. 2009). Differentiated PF cells 
incubated in glucose rich media eventually (after 3-4 weeks) resumed proliferating 
rapidly and became no longer sensitive to high glucose. This phenotype resemble that of 
laboratory adapted PF cells that have been maintained in glucose rich media for decades. 
On the other hand, differentiated PF cells maintained in media in the near-absence of 
glucose retained their sensitivity to glucose. This result indicates an irreversible change 
may have taken place in PF cells after long term incubation in high glucose. It also 
suggests PF cells we are using in lab may not be the best representatives of their natural 
counterparts, and glucose depleted media is probably a better choice for routine PF 
parasite culture. 
The question remains as to what the signaling pathways are that coordinate 
glucose sensing and metabolism remodeling in T. brucei?  We have shown that 
trypanosomes appear to rely on both glycolysis-dependent and -independent sensing 
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pathways to monitor environmental glucose level. Pathways that are involved in the T. 
brucei glucose response are anticipated to be distinct from those found in other 
eukaryotes primarily because of the unusual gene expression regulation mechanisms and 
cellular signaling found in these early-branching eukaryotes. First, the polycistronic 
nature of trypanosome transcription makes it unlikely that glucose-responsive 
transcription factors would be the effector of glucose perception pathways. Instead, post-
transcriptional means of altering gene expression will likely be at work. Supporting this, 
homologs for the Rgt1 and Mig1 transcription factors associated with glucose perception 
pathways in model organisms are not evident in the trypanosome genome (Conrad et al. 
2014). Additionally, the absence of heterotrimeric G-protein coupled receptor signaling 
proteins in the parasite genome that are typically associated with environmental 
responses point to potential differences in glucose perception in T. brucei. T. brucei does 
harbor many components of typical eukaryotic glucose response pathways, like homologs 
of yeast Cyr1, Bcy1, Tpk1, Snf3, Hxk2, Yck1, Hxt, Hxk, Glc7, and Snf1. Signaling 
through master phosphatases and kinases like homologs of Glc7 and AMPK (homolog of 
Snf1) followed by activation of potential effectors (Dhh1, Xrn1 and Ccr4) could yield 
responses that are important to parasite biology (Li et al. 2006; Kramer et al. 2010; 
Schwede et al. 2012). In the case of glucose deprivation and signal transduction, the yeast 
translational regulator Dhh1 limits mRNA translation and participates in the disassembly 
of polysomes in response to glucose starvation (Coller and Parker 2005). In 
trypanosomes, the DHH1 gene was downregulated in parasites differentiated through 
glucose depletion, perhaps yielding enhanced translation of some mRNAs. The T. brucei 
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homologs of yeast glucose sensing components can be tested for their involvement in 
glucose signaling. An unbiased mutant selection can also be used to find important 
components in the signaling cascade. 
BF trypanosomes occupy diverse niches that have varying glucose concentration. 
We found that BF parasites respond to very low glucose with changes at the 
transcriptome level characteristic of differentiation, a change that usually occurs as the 
parasite is taken up by their insect vector. This regulation is similar to those triggered by 
phloretin or 2-DOG (Haanstra et al. 2011) indicating the existence of a mechanism that 
could distinguish the absence of glucose from glycolysis inhibition. This mechanism may 
be essential to prevent full differentiation in the inappropriate host. Since this work was 
done using monomorphic BF cells, which is a rapidly proliferating strain adapted to lab 
media, it would be interesting to test whether the pleomorphic LS cells respond to 
glucose depletion in a similar way. 
Remarkably, glucose-mediated regulation appears to require an external glucose 
concentration lower than 10 μM, which is seldom found in most mammalian tissues 
under normal conditions. However, owing to the dramatic consumption rate of glucose by 
BF parasites, this level of glucose may be found in infected tissues that do not normally 
have high levels of glucose (Ryley 1962; Smith et al. 2017). It would be very useful if the 
concentrations of glucose and other nutrients could be measured in the niches and 
microenvironments trypanosomes occupy.  
We also discovered a 26-nucleotide stem-loop in the 3’UTR of COXVI that leads 
to increased translation of the transcript in the near-absence of glucose. The RNA 
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regulatory element consists of a short stem with a central mismatch and a loop at its apex 
that contains the sequence GUUG. Sequences with high identify to the primary sequence 
of the element were not found in other transcripts but we did find stem-loops with similar 
characteristics in the transcripts of several other regulated transcripts. The role of these 
stem-loops in translational regulation can be tested in the future using the same reporting 
system. 
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SUPPORTING MATERAIAL FOR CHAPTER TWO 
 
Supplementary Table A-1: A complete list of DEG in PF parasites differentiated from glucose 
depletion compared to LS parasites and validation by qRT-PCR. 
GeneID logFC logCPM PValue FDR Gene Name 
Tb927.10.10260 6.41 11.14 9.1E-320 8.5E-318 EP1 
Tb927.6.510 6.22 10.97 0.0E+00 0.0E+00 GPEET 
Tb927.10.10250 6.09 8.38 0.0E+00 0.0E+00 EP2 
Tb927.6.520 5.76 10.92 0.0E+00 0.0E+00 EP3-2 
Tb927.6.480 5.34 7.52 1.1E-201 4.8E-200 
 
Tb927.5.2260 5.24 7.91 0.0E+00 0.0E+00 
 
Tb927.10.15410 5.23 10.23 0.0E+00 0.0E+00 gMDH 
Tb927.11.7500 5.10 8.18 0.0E+00 0.0E+00 
 
Tb927.11.7490 4.99 8.52 0.0E+00 0.0E+00 
 
Tb927.7.3020 4.66 3.18 3.0E-75 4.3E-74 
 
Tb927.7.2980 4.53 6.90 1.5E-257 1.0E-255 
 
Tb927.11.2410 4.41 8.67 0.0E+00 0.0E+00 
 
Tb927.4.4620 4.26 8.70 0.0E+00 0.0E+00 COXVIII 
Tb927.11.6280 4.25 10.03 0.0E+00 0.0E+00 PPDK 
Tb927.11.16200 4.25 9.28 8.9E-323 8.7E-321 CAP17 
Tb927.10.9080 4.20 10.39 0.0E+00 0.0E+00 
 
Tb927.10.8530 4.20 5.91 3.7E-116 8.1E-115 THT2A 
Tb927.5.2160 4.13 7.98 7.0E-224 3.8E-222 
 
Tb927.1.2850 4.02 4.82 9.6E-63 1.1E-61 
 
Tb927.9.7590 4.00 4.01 3.0E-86 4.7E-85 
 
Tb927.3.700 3.95 6.50 6.5E-184 2.5E-182 
 
Tb927.5.440 3.93 8.37 1.7E-140 4.8E-139 
 
Tb927.3.590 3.89 5.44 2.4E-128 6.0E-127 
 
Tb927.10.7180 3.87 8.02 0.0E+00 0.0E+00 CRAM 
Tb927.9.3170 3.86 8.08 0.0E+00 0.0E+00 COXV 
Tb927.9.7830 3.84 8.18 0.0E+00 0.0E+00 
 
Tb927.5.2560 3.83 6.68 0.0E+00 0.0E+00 
 
Tb927.1.4130 3.83 5.54 1.4E-121 3.1E-120 
 
Tb927.9.4340 3.82 5.02 7.3E-41 5.7E-40 
 
Tb927.5.1065 3.81 5.58 3.7E-135 9.8E-134 
 




Tb927.1.710 3.75 7.83 0.0E+00 0.0E+00 PGKB 
Tb927.7.2640 3.72 9.27 0.0E+00 0.0E+00 
 
Tb927.4.1790 3.72 4.80 5.2E-92 8.8E-91 
 
Tb927.10.2970 3.70 7.93 0.0E+00 0.0E+00 
 
Tb927.3.4500 3.70 8.90 3.2E-312 2.9E-310 FHc 
Tb927.11.6200 3.70 3.21 6.8E-44 5.7E-43 
 
Tb11.0400 3.58 5.33 1.8E-181 6.7E-180 P27 
Tb927.7.4390 3.56 8.63 0.0E+00 0.0E+00 
 
Tb927.2.4210 3.54 9.74 0.0E+00 0.0E+00 PEPCK 
Tb927.3.1410 3.51 8.26 0.0E+00 0.0E+00 COXVII 
Tb927.11.12040 3.51 7.67 6.9E-222 3.7E-220 
 
Tb927.10.2560 3.51 10.16 0.0E+00 0.0E+00 mMDH 
Tb927.10.280 3.46 8.34 0.0E+00 0.0E+00 COXVI 
Tb927.11.4700 3.45 9.30 0.0E+00 0.0E+00 
 
Tb927.9.7920 3.42 4.60 2.5E-77 3.5E-76 
 
Tb927.11.2930 3.42 8.64 0.0E+00 0.0E+00 
 
Tb927.7.6850 3.40 8.23 0.0E+00 0.0E+00 TS 
Tb927.7.7420 3.39 6.57 3.6E-221 1.9E-219 ATPF1A 
Tb927.9.11490 3.38 2.87 4.2E-27 2.3E-26 RPL27A 
Tb927.10.4880 3.37 8.03 0.0E+00 0.0E+00 
 
Tb927.5.1060 3.34 7.67 0.0E+00 0.0E+00 
 
Tb927.9.13200 3.33 7.43 9.2E-283 7.2E-281 
 
Tb927.4.4730 3.32 8.26 4.1E-287 3.2E-285 AATP11 
Tb927.11.3980 3.27 8.52 0.0E+00 0.0E+00 
 
Tb927.7.7090 3.26 8.05 0.0E+00 0.0E+00 
 
Tb927.1.4120 3.24 5.71 6.5E-196 2.8E-194 
 
Tb927.10.4280 3.21 7.34 1.8E-322 1.7E-320 
 
Tb927.2.2520 3.20 7.08 6.8E-123 1.6E-121 VDAC2 
Tb927.11.14000 3.19 7.88 4.0E-221 2.1E-219 NRBD1 
Tb927.8.6170 3.18 9.02 0.0E+00 0.0E+00 TK 
Tb927.1.4100 3.10 8.15 5.9E-222 3.2E-220 COXIV 
Tb927.4.3500 3.10 7.79 0.0E+00 0.0E+00 
 
Tb927.8.4100 3.08 5.02 1.9E-125 4.6E-124 FLA1BP-1 
Tb927.9.5910 3.06 5.53 8.8E-106 1.7E-104 
 
Tb927.10.8320 3.03 8.17 2.1E-242 1.3E-240 COXIX 
Tb927.9.7460 3.02 5.16 1.8E-26 9.9E-26 
 
Tb927.7.6830 3.01 4.40 2.0E-103 3.7E-102 
 
Tb927.8.2540 3.00 9.10 0.0E+00 0.0E+00 
 




Tb927.7.7470 2.96 8.66 4.0E-305 3.4E-303 ACP3 
Tb927.4.3950 2.93 8.81 7.1E-177 2.6E-175 CAP5.5 
Tb927.2.4700 2.93 7.66 3.3E-178 1.2E-176 
 
Tb927.8.7640 2.89 7.89 6.1E-209 2.9E-207 AATP1 
Tb927.10.12770 2.89 4.73 2.6E-33 1.7E-32 
 
Tb927.9.5920 2.89 5.12 3.9E-123 9.2E-122 
 
Tb927.3.1380 2.88 10.14 0.0E+00 0.0E+00 ATPB 
Tb927.8.6890 2.86 7.30 3.4E-190 1.4E-188 
 
Tb927.9.5900 2.86 8.90 2.0E-139 5.4E-138 GDH 
Tb927.8.8300 2.84 8.10 1.5E-106 3.0E-105 
 
Tb927.11.5280 2.82 7.51 1.8E-275 1.4E-273 
 
Tb927.1.2330 2.81 4.35 2.6E-78 3.7E-77 
 
Tb927.10.10000 2.78 8.82 1.4E-284 1.1E-282 
 
Tb927.3.2880 2.77 7.40 3.9E-214 2.0E-212 
 
Tb927.8.6750 2.74 8.53 8.0E-177 2.9E-175 
 
Tb927.9.11470 2.74 2.95 5.3E-33 3.4E-32 
 
Tb927.11.15550 2.74 7.23 1.6E-213 8.2E-212 B5R 
Tb927.10.8500 2.70 5.96 1.4E-114 2.9E-113 
 
Tb927.10.14000 2.68 8.86 2.1E-229 1.2E-227 ACO 
Tb927.5.2930 2.68 8.52 0.0E+00 0.0E+00 
 
Tb927.8.1890 2.67 8.78 0.0E+00 0.0E+00 CYC1 
Tb927.1.2300 2.66 5.64 1.3E-46 1.1E-45 
 
Tb927.7.210 2.65 8.89 5.8E-318 5.4E-316 PRODH 
Tb927.3.3460 2.65 8.20 0.0E+00 0.0E+00 
 
Tb927.7.7430 2.65 6.68 5.9E-262 4.2E-260 ATPF1A 
Tb927.3.1690 2.63 7.55 9.0E-245 5.7E-243 
 
Tb927.10.12260 2.63 8.98 2.1E-307 1.9E-305 
 
Tb927.11.16480 2.60 7.47 2.2E-289 1.8E-287 
 
Tb927.11.680 2.60 4.87 1.6E-64 1.9E-63 
 
Tb927.8.5120 2.59 9.26 2.6E-83 3.9E-82 
 
Tb927.10.10470 2.59 2.59 8.2E-29 4.8E-28 
 
Tb927.10.11220 2.59 8.38 0.0E+00 0.0E+00 PSSA-2 
Tb927.8.4010 2.55 7.59 3.9E-316 3.5E-314 FLA1 
Tb927.6.2790 2.55 9.96 0.0E+00 0.0E+00 
 
Tb927.6.4990 2.54 7.77 3.4E-243 2.1E-241 
 
Tb927.8.1790 2.54 7.23 5.4E-170 1.9E-168 
 
Tb927.9.7870 2.53 5.44 3.8E-123 9.0E-122 
 
Tb927.7.4070 2.52 9.24 9.3E-258 6.5E-256 
 
Tb927.7.5990 2.51 5.60 2.1E-110 4.3E-109 PAD7 
183 
 
Tb927.5.3090 2.51 7.50 4.4E-209 2.1E-207 
 
Tb927.11.8990 2.48 8.67 4.7E-316 4.2E-314 
 
Tb927.8.7430 2.48 4.81 1.2E-72 1.6E-71 
 
Tb927.10.5050 2.48 7.43 3.5E-198 1.5E-196 
 
Tb927.10.4240 2.47 7.09 5.9E-175 2.1E-173 
 
Tb927.10.8450 2.47 5.20 4.6E-91 7.6E-90 THT1E 
Tb927.9.7890 2.45 6.66 2.5E-117 5.5E-116 
 
Tb927.7.5970 2.44 8.29 1.6E-204 7.7E-203 PAD5 
Tb927.5.1710 2.43 8.22 0.0E+00 0.0E+00 P18 
Tb927.11.7600 2.43 7.64 7.6E-190 3.1E-188 
 
Tb927.8.7600 2.43 8.34 5.2E-254 3.5E-252 
 
Tb927.9.14160 2.42 8.27 0.0E+00 0.0E+00 RISP 
Tb927.10.180 2.42 8.01 7.4E-254 5.0E-252 ATPF1G 
Tb927.11.6210 2.40 7.97 4.9E-254 3.3E-252 CYP51 
Tb927.10.15900 2.40 5.66 2.1E-109 4.4E-108 
 
Tb927.10.14820 2.39 5.24 3.5E-93 6.1E-92 MCP5c 
Tb927.4.720 2.39 7.54 3.3E-187 1.3E-185 
 
Tb927.2.2510 2.39 6.54 1.6E-168 5.4E-167 VDAC1 
Tb927.9.14990 2.38 6.45 6.6E-154 2.0E-152 
 
Tb927.11.1270 2.37 7.42 0.0E+00 0.0E+00 
 
Tb927.11.16510 2.36 7.95 2.3E-207 1.1E-205 
 
Tb927.10.1570 2.35 7.93 2.0E-280 1.5E-278 
 
Tb927.9.12370 2.35 4.17 4.1E-34 2.8E-33 
 
Tb927.1.2310 2.35 6.20 4.3E-101 7.9E-100 
 
Tb927.4.4990 2.35 5.22 1.4E-94 2.4E-93 
 
Tb927.6.1520 2.34 8.63 6.2E-119 1.4E-117 AQP1 
Tb927.9.7470 2.33 8.25 7.4E-74 1.0E-72 NT10 
Tb927.9.12320 2.32 8.64 4.7E-264 3.3E-262 
 
Tb927.9.7950 2.32 5.78 6.0E-57 6.3E-56 
 
Tb11.0880 2.31 5.33 1.9E-56 2.0E-55 
 
Tb927.3.2180 2.29 8.24 6.6E-245 4.2E-243 
 
Tb927.10.520 2.29 8.49 3.7E-322 3.5E-320 
 
Tb927.1.2240 2.28 7.35 1.0E-54 1.1E-53 
 
Tb927.8.6580 2.28 8.64 3.6E-181 1.4E-179 SDH1 
Tb927.5.510 2.28 7.84 6.8E-238 4.1E-236 
 
Tb927.11.6250 2.27 7.73 1.1E-212 5.5E-211 
 
Tb927.8.2470 2.26 7.45 2.3E-136 6.3E-135 
 
Tb927.7.3520 2.25 7.72 1.7E-194 7.2E-193 MPC2 




Tb927.10.12840 2.23 8.83 0.0E+00 9.3E-307 MCP12 
Tb927.9.3780 2.22 6.53 8.6E-203 3.9E-201 MPC1 
Tb927.1.2250 2.21 3.07 1.7E-18 7.1E-18 
 
Tb927.9.11600 2.21 10.20 2.5E-185 9.7E-184 gim5B 
Tb927.10.2090 2.21 4.56 2.7E-29 1.6E-28 TEF1 
Tb927.8.7740 2.20 8.02 5.4E-245 3.4E-243 
 
Tb927.5.330 2.19 7.20 3.4E-161 1.1E-159 
 
Tb927.3.3630 2.18 6.47 4.1E-168 1.4E-166 EF-Ts 
Tb927.11.15020 2.16 7.30 2.2E-174 8.1E-173 SODB 
Tb927.9.5960 2.15 6.43 2.3E-129 6.0E-128 
 
Tb927.11.11750 2.14 4.64 1.2E-45 1.0E-44 
 
Tb927.10.12240 2.14 7.42 9.5E-238 5.6E-236 
 
Tb927.4.1360 2.14 7.41 9.7E-252 6.3E-250 
 
Tb927.11.5440 2.14 9.20 2.5E-188 1.0E-186 
 
Tb927.7.5940 2.14 9.82 5.1E-104 9.8E-103 PAD2 
Tb927.2.2070 2.13 4.48 9.6E-42 7.6E-41 
 
Tb927.5.930 2.13 7.67 6.9E-103 1.3E-101 FRDg 
Tb927.6.2740 2.13 9.14 5.1E-237 3.0E-235 pdxK 
Tb927.8.7350 2.13 3.78 6.5E-27 3.6E-26 
 
Tb927.10.3040 2.11 7.20 1.2E-201 5.5E-200 
 
Tb927.8.6060 2.11 9.49 3.2E-304 2.7E-302 
 
Tb927.9.7770 2.09 8.21 2.0E-264 1.4E-262 SpSyn 
Tb927.11.7060 2.08 6.18 3.0E-136 8.1E-135 
 
Tb927.10.12500 2.08 8.90 4.1E-117 9.0E-116 
 
Tb927.10.9830 2.08 8.18 1.2E-183 4.5E-182 
 
Tb927.8.3090 2.07 6.18 1.4E-92 2.3E-91 
 
Tb927.6.2490 2.07 7.26 2.4E-183 9.1E-182 SDH7 
Tb927.7.840 2.06 7.52 6.6E-159 2.1E-157 
 
Tb927.6.4570 2.06 6.68 1.5E-106 3.0E-105 
 
Tb927.8.7120 2.06 8.05 1.5E-181 5.7E-180 
 
Tb927.6.590 2.05 7.75 2.5E-191 1.0E-189 
 
Tb927.7.2700 2.03 7.88 9.7E-218 5.1E-216 B5R 
Tb927.9.5840 2.03 7.74 1.2E-75 1.7E-74 
 
Tb927.8.5640 2.03 7.81 4.2E-234 2.5E-232 
 
Tb927.10.9630 2.03 3.96 1.7E-18 7.3E-18 
 
Tb927.9.15300 2.03 3.61 9.4E-13 3.1E-12 
 
Tb927.2.3610 2.02 7.64 3.3E-158 1.1E-156 
 
Tb11.0845 2.02 4.89 7.1E-44 6.0E-43 DYNLL2 




Tb927.1.2290 2.01 5.51 6.3E-50 5.9E-49 
 
Tb927.8.7530 2.01 7.96 1.1E-225 5.9E-224 
 
Tb927.6.4920 1.99 4.09 1.6E-31 1.0E-30 METK1 
Tb927.10.5220 1.96 7.28 1.6E-253 1.0E-251 
 
Tb927.9.4960 1.95 9.20 1.1E-87 1.7E-86 
 
Tb927.7.1790 1.95 7.71 3.5E-194 1.5E-192 
 
Tb927.8.7670 1.94 6.93 7.9E-157 2.5E-155 
 
Tb927.9.1920 1.94 7.07 2.3E-133 5.9E-132 
 
Tb927.3.4650 1.93 6.92 3.9E-144 1.1E-142 
 
Tb927.7.7060 1.93 6.33 3.0E-116 6.5E-115 
 
Tb11.02.5400 1.93 7.75 8.2E-224 4.5E-222 
 
Tb927.9.6620 1.93 6.25 3.8E-129 9.7E-128 
 
Tb927.7.6010 1.92 4.01 6.2E-25 3.2E-24 
 
Tb927.8.3380 1.91 8.45 9.2E-136 2.4E-134 
 
Tb927.9.4550 1.91 6.23 7.8E-110 1.6E-108 
 
Tb927.10.13000 1.91 7.10 1.4E-187 5.5E-186 PDEA 
Tb927.3.4290 1.90 3.33 1.2E-23 6.0E-23 PFR1-1 
Tb927.4.3450 1.90 7.92 2.7E-129 7.0E-128 
 
Tb927.2.4610 1.89 6.07 1.0E-69 1.3E-68 
 
Tb927.10.8030 1.88 8.46 2.5E-190 1.0E-188 
 
Tb927.1.2260 1.86 6.67 2.1E-52 2.1E-51 SMP1-2 
Tb927.1.580 1.85 8.05 3.3E-156 1.0E-154 
 
Tb927.1.2230 1.85 7.87 8.3E-98 1.5E-96 SMP1-1 
Tb927.7.2210 1.85 4.99 3.6E-43 3.0E-42 
 
Tb927.11.11370 1.84 7.07 4.6E-64 5.4E-63 RACK1 
Tb927.2.2140 1.84 5.02 1.9E-53 1.9E-52 
 
Tb927.11.16710 1.83 5.63 5.3E-68 6.6E-67 
 
Tb927.10.1500 1.82 8.56 8.8E-233 5.1E-231 MetRS 
Tb927.1.2880 1.81 7.89 6.7E-128 1.7E-126 
 
Tb927.9.2110 1.80 6.13 3.0E-95 5.3E-94 
 
Tb927.4.4940 1.80 7.86 7.7E-71 1.0E-69 
 
Tb927.1.4430 1.80 4.00 4.7E-40 3.6E-39 
 
Tb927.8.6110 1.79 9.24 5.1E-129 1.3E-127 HMGS 
Tb927.11.5290 1.77 7.00 7.5E-192 3.1E-190 MCP9 
Tb927.3.1790 1.77 9.10 1.7E-200 7.7E-199 
 
Tb927.10.700 1.76 6.31 5.5E-70 7.1E-69 
 
Tb927.7.3590 1.76 6.45 2.0E-168 7.0E-167 
 
Tb927.3.940 1.76 5.96 1.9E-78 2.7E-77 
 
Tb927.3.3760 1.75 4.05 1.1E-26 6.1E-26 TXN1b 
186 
 
Tb927.7.1470 1.75 8.25 8.2E-90 1.4E-88 
 
Tb927.11.6040 1.75 7.50 7.6E-149 2.2E-147 
 
Tb927.11.13790 1.75 7.05 4.5E-178 1.7E-176 
 
Tb927.10.12210 1.75 6.81 2.4E-147 7.1E-146 
 
Tb927.9.8100 1.75 7.13 1.4E-79 2.0E-78 
 
Tb927.10.11970 1.74 7.68 2.5E-151 7.5E-150 GlnAT 
Tb927.10.13130 1.73 6.51 1.9E-162 6.3E-161 UGP 
Tb927.10.13360 1.73 8.45 1.4E-124 3.4E-123 EF-Tu 
Tb927.7.4270 1.72 7.21 1.5E-106 2.9E-105 
 
Tb927.9.10520 1.72 6.59 2.1E-97 3.8E-96 
 
Tb927.6.770 1.72 4.02 6.4E-33 4.2E-32 
 
Tb927.1.275 1.72 5.04 5.9E-43 4.8E-42 
 
Tb927.7.3500 1.71 7.78 4.1E-152 1.2E-150 
 
Tb927.7.5000 1.71 7.82 1.5E-73 2.0E-72 
 
Tb927.10.13600 1.71 6.09 3.6E-87 5.7E-86 
 
Tb927.3.2150 1.70 6.39 3.0E-125 7.4E-124 
 
Tb927.4.440 1.70 5.85 2.7E-98 4.9E-97 
 
Tb927.6.4540 1.70 7.33 1.0E-135 2.8E-134 
 
Tb927.3.2100 1.68 7.84 4.1E-164 1.4E-162 
 
Tb927.11.5520 1.68 9.24 3.3E-172 1.2E-170 TIM 
Tb927.5.3350 1.68 7.59 1.7E-134 4.4E-133 FeSODA 
Tb927.5.340 1.67 7.65 3.1E-196 1.3E-194 
 
Tb927.11.1370 1.67 7.81 1.3E-100 2.4E-99 
 
Tb927.11.15880 1.66 6.57 3.2E-41 2.5E-40 
 
Tb927.1.2820 1.66 7.79 2.5E-91 4.3E-90 
 
Tb927.6.4130 1.66 7.69 1.2E-123 3.0E-122 SDH3 
Tb927.6.1640 1.66 6.23 7.3E-141 2.0E-139 
 
Tb927.1.1590 1.65 3.95 6.1E-28 3.5E-27 
 
Tb927.7.4060 1.64 7.98 2.4E-70 3.0E-69 
 
Tb927.10.3210 1.64 9.30 1.5E-118 3.4E-117 
 
Tb927.10.7700 1.64 7.18 9.9E-67 1.2E-65 ABCG 
Tb927.7.240 1.64 5.82 6.2E-47 5.5E-46 
 
Tb927.7.4690 1.63 8.82 1.2E-89 2.0E-88 
 
Tb927.7.230 1.63 6.01 1.3E-29 7.5E-29 
 
Tb927.10.5760 1.63 7.76 6.8E-209 3.3E-207 
 
Tb927.10.14860 1.63 7.52 3.8E-143 1.1E-141 
 
Tb927.7.7500 1.63 6.83 2.7E-155 8.5E-154 TLP7 
Tb927.10.13420 1.63 5.89 2.2E-50 2.1E-49 
 




Tb927.9.7980 1.62 6.56 1.3E-77 1.9E-76 
 
Tb927.10.15220 1.62 6.69 5.0E-109 1.0E-107 
 
Tb927.11.7320 1.62 6.75 1.6E-124 3.8E-123 
 
Tb927.10.16080 1.61 7.11 2.4E-113 5.0E-112 
 
Tb927.7.6110 1.61 6.38 3.4E-73 4.6E-72 
 
Tb927.4.4630 1.61 5.45 7.1E-51 6.8E-50 
 
Tb927.11.16570 1.61 7.11 7.4E-111 1.5E-109 
 
Tb927.11.1020 1.61 9.33 5.5E-231 3.1E-229 
 
Tb927.11.7900 1.60 9.31 6.5E-142 1.8E-140 RBP16 
Tb927.10.2100 1.60 4.96 6.2E-27 3.5E-26 TEF1 
Tb927.10.2010 1.60 10.71 1.1E-88 1.7E-87 HK1 
Tb927.4.1670 1.60 5.99 2.2E-60 2.5E-59 POMP29 
Tb927.9.2440 1.59 4.23 1.6E-34 1.1E-33 
 
Tb927.8.6010 1.59 6.85 1.8E-32 1.2E-31 
 
Tb927.9.6170 1.58 8.94 2.9E-107 5.7E-106 
 
Tb927.9.2390 1.58 7.50 1.2E-118 2.8E-117 
 
Tb927.11.3080 1.58 7.31 1.3E-87 2.2E-86 
 
Tb927.3.5340 1.58 8.03 5.1E-141 1.4E-139 
 
Tb927.6.200 1.58 7.59 3.1E-106 6.1E-105 
 
Tb927.7.2160 1.58 5.23 2.5E-22 1.2E-21 
 
Tb927.9.1520 1.57 8.27 2.9E-82 4.4E-81 
 
Tb927.7.4970 1.57 7.95 1.7E-103 3.3E-102 GS 
Tb927.6.2890 1.56 6.41 6.0E-117 1.3E-115 
 
Tb927.10.1090 1.56 8.69 5.6E-129 1.4E-127 RPS23 
Tb927.11.11680 1.56 9.78 1.3E-103 2.5E-102 
 
Tb927.7.2710 1.56 6.89 3.7E-104 7.0E-103 
 
Tb927.11.6680 1.56 7.90 4.1E-61 4.6E-60 
 
Tb927.10.10670 1.56 6.45 4.2E-77 5.9E-76 
 
Tb927.9.9410 1.55 6.66 1.1E-105 2.2E-104 SLS1 
Tb927.11.10910 1.55 6.03 2.4E-80 3.6E-79 
 
Tb927.9.5090 1.55 6.15 1.7E-35 1.2E-34 
 
Tb927.1.3190 1.55 6.61 6.0E-46 5.2E-45 
 
Tb927.9.6290 1.54 9.89 1.9E-89 3.1E-88 AK 
Tb927.2.1760 1.54 7.78 1.9E-109 4.0E-108 
 
Tb927.7.5680 1.54 7.01 1.8E-77 2.6E-76 
 
Tb927.10.7570 1.54 9.17 1.6E-154 4.8E-153 
 
Tb927.11.6510 1.53 7.87 5.9E-60 6.5E-59 
 
Tb927.11.7212 1.53 6.83 2.3E-81 3.4E-80 
 




Tb927.10.2360 1.52 6.77 7.8E-58 8.3E-57 
 
Tb927.11.13650 1.52 6.15 1.1E-67 1.4E-66 CYB5 
Tb927.1.2270 1.52 4.96 5.9E-16 2.3E-15 
 
Tb927.10.12780 1.52 4.70 5.8E-15 2.2E-14 ZC3H37 
Tb927.11.14780 1.52 7.69 1.2E-150 3.5E-149 PMI 
Tb927.11.13510 1.51 5.43 1.3E-71 1.7E-70 
 
Tb927.10.15790 1.51 6.56 1.2E-108 2.4E-107 
 
Tb927.11.15810 1.51 7.06 2.3E-139 6.3E-138 
 
Tb927.9.9210 1.51 8.66 1.1E-62 1.2E-61 
 
Tb927.10.13910 1.51 6.85 8.4E-124 2.0E-122 
 
Tb927.2.4240 1.51 6.65 2.9E-119 6.6E-118 
 
Tb927.6.4470 1.51 8.98 7.0E-63 8.1E-62 
 
Tb927.11.5500 1.50 7.29 1.8E-136 4.8E-135 KRIPP1 
Tb927.10.2350 1.49 6.93 1.0E-111 2.1E-110 
 
Tb927.7.6930 1.48 6.01 1.5E-96 2.6E-95 
 
Tb927.11.15080 1.47 7.24 6.1E-74 8.4E-73 
 
Tb927.3.860 1.47 8.44 1.5E-89 2.5E-88 ACP 
Tb927.3.5410 1.47 5.72 1.0E-43 8.6E-43 
 
Tb927.9.8450 1.47 6.70 7.5E-64 8.8E-63 ADKG 
Tb927.6.2110 1.47 7.54 2.5E-50 2.4E-49 
 
Tb10.v4.0045 1.47 3.36 5.2E-15 1.9E-14 
 
Tb927.10.11770 1.46 8.29 9.2E-61 1.0E-59 
 
Tb927.8.6080 1.46 6.51 3.3E-85 5.2E-84 POMP42 
Tb927.1.4440 1.46 4.04 1.4E-29 8.3E-29 
 
Tb927.3.3900 1.46 8.20 5.8E-86 9.1E-85 CPT II 
Tb927.5.2580 1.46 6.60 1.2E-126 3.1E-125 
 
Tb927.10.220 1.46 8.78 6.9E-65 8.3E-64 
 
Tb927.5.980 1.46 6.89 5.0E-104 9.6E-103 
 
Tb927.11.1540 1.46 7.52 3.4E-143 9.5E-142 
 
Tb927.11.1570 1.46 7.07 3.0E-96 5.4E-95 
 
Tb927.5.2550 1.45 6.90 1.1E-83 1.7E-82 
 
Tb927.9.13580 1.45 6.86 3.0E-115 6.4E-114 
 
Tb927.4.4070 1.45 7.47 5.9E-152 1.8E-150 
 
Tb927.10.13410 1.45 5.58 8.9E-24 4.5E-23 
 
Tb927.10.14250 1.44 6.52 3.8E-50 3.6E-49 
 
Tb927.10.16060 1.44 5.41 1.1E-37 8.1E-37 
 
Tb927.9.10310 1.44 7.98 3.0E-141 8.2E-140 MCP11 
Tb927.8.4380 1.44 6.81 1.8E-80 2.6E-79 ATOM12 
Tb927.9.10560 1.44 7.09 9.4E-109 1.9E-107 ATOM19 
189 
 
Tb927.10.660 1.44 6.77 2.4E-107 4.7E-106 
 
Tb927.10.12700 1.44 9.11 1.4E-159 4.4E-158 
 
Tb927.9.2020 1.43 9.16 7.2E-57 7.6E-56 
 
Tb927.5.1820 1.43 9.28 2.1E-92 3.5E-91 
 
Tb927.8.4810 1.43 7.63 5.1E-125 1.2E-123 PHB1 
Tb927.10.13040 1.43 8.34 6.7E-104 1.3E-102 ACP4 
Tb927.10.13430 1.43 7.68 4.0E-48 3.7E-47 
 
Tb927.1.1780 1.43 3.98 2.9E-31 1.8E-30 
 
Tb927.7.6800 1.43 6.07 2.7E-81 4.0E-80 
 
Tb927.11.5050 1.43 7.64 2.6E-127 6.5E-126 FHm 
Tb927.8.560 1.43 6.81 1.4E-109 2.8E-108 
 
Tb927.8.1760 1.43 4.13 7.4E-14 2.6E-13 
 
Tb927.9.7190 1.42 6.86 2.4E-97 4.4E-96 
 
Tb927.9.7550 1.42 7.37 1.7E-99 3.2E-98 ADSL 
Tb927.3.3320 1.42 7.95 1.7E-59 1.8E-58 
 
Tb927.11.5820 1.42 7.87 3.0E-156 9.5E-155 
 
Tb927.4.4080 1.42 5.70 2.7E-66 3.3E-65 
 
Tb927.8.1780 1.42 8.43 2.6E-128 6.4E-127 
 
Tb927.11.10100 1.41 6.36 6.6E-89 1.1E-87 
 
Tb927.11.9980 1.41 9.02 2.7E-41 2.1E-40 
 
Tb927.8.1420 1.41 6.46 7.6E-78 1.1E-76 
 
Tb927.11.1800 1.40 5.22 2.1E-30 1.3E-29 
 
Tb927.11.10040 1.40 5.32 2.5E-38 1.9E-37 
 
Tb927.7.5020 1.40 8.14 3.3E-48 3.0E-47 
 
Tb927.1.3310 1.40 7.14 3.3E-75 4.6E-74 
 
Tb927.11.2160 1.40 5.88 3.8E-64 4.5E-63 
 
Tb927.6.2170 1.40 8.01 1.9E-83 2.9E-82 
 
Tb927.4.2660 1.39 5.51 6.6E-48 6.0E-47 
 
Tb927.5.3040 1.39 6.07 8.2E-70 1.1E-68 
 
Tb927.9.5070 1.39 5.22 1.1E-39 8.7E-39 
 
Tb927.4.830 1.38 5.46 2.3E-36 1.6E-35 
 
Tb927.3.4360 1.38 8.92 2.1E-69 2.6E-68 
 
Tb927.6.2510 1.38 6.91 1.3E-62 1.4E-61 SDHAF2 
Tb927.8.2330 1.38 6.47 1.7E-87 2.8E-86 
 
Tb927.5.450 1.38 7.67 5.0E-121 1.2E-119 NUBM 
Tb927.9.3340 1.38 5.41 3.1E-45 2.7E-44 
 
Tb927.3.3770 1.37 5.38 1.2E-43 1.0E-42 PFC6 
Tb927.9.6090 1.37 7.18 3.6E-53 3.6E-52 
 




Tb927.10.13560 1.36 4.93 4.9E-28 2.8E-27 
 
Tb927.7.5180 1.36 8.19 2.6E-96 4.6E-95 
 
Tb927.1.2280 1.36 5.30 1.8E-20 8.1E-20 
 
Tb927.4.130 1.36 5.02 1.4E-19 6.1E-19 
 
Tb927.10.12540 1.35 6.94 2.7E-73 3.7E-72 NDUFS1 
Tb927.11.180 1.35 6.74 1.8E-69 2.3E-68 
 
Tb927.3.2230 1.35 9.77 1.1E-127 2.8E-126 
 
Tb927.8.6150 1.35 8.48 1.8E-89 2.9E-88 
 
Tb927.9.5750 1.34 8.40 2.8E-48 2.6E-47 
 
Tb927.11.3230 1.34 10.05 2.7E-62 3.1E-61 
 
Tb927.10.6370 1.34 9.11 6.6E-67 8.1E-66 
 
Tb927.5.4170 1.34 5.94 2.0E-04 3.7E-04 
 
Tb927.3.830 1.34 6.62 5.5E-130 1.4E-128 
 
Tb927.5.740 1.33 6.97 2.0E-62 2.3E-61 
 
Tb927.7.3900 1.33 7.06 4.6E-53 4.6E-52 
 
Tb927.8.7620 1.33 5.56 1.1E-28 6.5E-28 AATP1 
Tb927.11.7390 1.33 6.82 6.9E-111 1.4E-109 
 
Tb927.11.12450.2 1.33 5.33 4.1E-40 3.2E-39 
 
Tb927.5.4260 1.32 5.52 6.7E-37 4.8E-36 
 
Tb927.3.1370 1.32 9.85 1.0E-69 1.3E-68 
 
Tb927.7.2740 1.32 5.64 6.9E-46 6.0E-45 
 
Tb927.10.9260 1.31 7.01 1.4E-96 2.5E-95 
 
Tb927.11.900 1.31 8.48 7.9E-103 1.5E-101 IDH 
Tb927.9.12410 1.31 6.50 1.7E-44 1.5E-43 
 
Tb927.6.4980 1.31 9.65 5.6E-71 7.3E-70 RPS14 
Tb927.3.1720 1.31 6.37 3.9E-43 3.2E-42 
 
Tb927.10.2170 1.31 4.40 4.6E-21 2.1E-20 
 
Tb927.7.4950 1.30 6.53 1.5E-63 1.7E-62 
 
Tb927.7.2760 1.30 5.99 4.4E-52 4.4E-51 
 
Tb927.10.2020 1.30 8.44 6.9E-48 6.3E-47 HK2 
Tb927.11.9710 1.30 9.22 1.9E-71 2.5E-70 RPL10A 
Tb927.11.11950 1.30 6.05 5.7E-56 5.9E-55 
 
Tb927.11.4820 1.30 9.47 9.3E-69 1.2E-67 
 
Tb927.10.15920 1.30 7.76 1.8E-81 2.6E-80 
 
Tb927.10.8490 1.30 4.36 3.3E-10 9.4E-10 
 
Tb927.1.1580 1.30 5.45 2.1E-68 2.7E-67 
 
Tb927.5.1470 1.29 6.64 1.4E-56 1.5E-55 B5R 
Tb927.8.6160 1.29 8.48 2.6E-33 1.7E-32 
 




Tb927.5.1610 1.29 10.56 2.0E-103 3.8E-102 
 
Tb927.1.5000 1.28 7.16 1.3E-85 2.0E-84 
 
Tb927.2.3460 1.28 6.74 1.7E-41 1.4E-40 
 
Tb927.6.4040 1.28 5.95 9.7E-68 1.2E-66 
 
Tb927.9.8500 1.28 6.49 4.0E-50 3.8E-49 
 
Tb927.2.4930 1.28 6.80 2.0E-65 2.5E-64 
 
Tb927.8.5160 1.28 7.42 2.2E-85 3.4E-84 
 
Tb927.6.4300 1.28 5.62 1.9E-47 1.7E-46 GAPDH 
Tb927.11.15010 1.28 7.51 7.2E-54 7.3E-53 NEK21 
Tb927.11.3750 1.28 6.02 1.3E-56 1.3E-55 B5R 
Tb927.11.10960 1.27 7.04 7.1E-92 1.2E-90 
 
Tb927.11.16730 1.27 9.22 5.0E-74 6.9E-73 GCVL-2 
Tb927.10.6950 1.27 4.22 2.2E-10 6.3E-10 
 
Tb927.9.15190 1.27 9.52 1.7E-70 2.2E-69 
 
Tb927.9.2420 1.27 6.29 8.7E-81 1.3E-79 
 
Tb927.8.1430 1.27 5.51 3.4E-35 2.4E-34 
 
Tb927.11.4870 1.27 6.17 4.1E-71 5.4E-70 
 
Tb927.3.3440 1.26 6.57 3.1E-51 3.0E-50 
 
Tb927.10.14960 1.26 6.26 6.1E-44 5.2E-43 
 
Tb927.7.2930 1.26 5.25 1.1E-16 4.2E-16 
 
Tb927.9.8420 1.26 7.13 8.9E-40 6.8E-39 
 
Tb927.8.3240 1.26 6.06 4.6E-65 5.6E-64 
 
Tb927.3.1940 1.26 6.64 1.7E-89 2.8E-88 
 
Tb927.10.2250 1.26 7.61 3.1E-63 3.6E-62 
 
Tb927.8.7150 1.25 6.89 2.5E-50 2.4E-49 
 
Tb927.9.2320 1.25 6.50 2.4E-68 3.0E-67 POMP1 
Tb927.11.17010 1.25 6.77 2.5E-50 2.3E-49 
 
Tb927.9.9660 1.25 7.96 2.8E-75 4.0E-74 ATOM40 
Tb927.8.3690 1.25 7.32 2.3E-77 3.3E-76 IDH 
Tb927.11.1870 1.25 4.84 4.2E-20 1.9E-19 
 
Tb927.3.1710 1.24 6.64 6.4E-71 8.3E-70 
 
Tb927.10.5610 1.24 9.92 2.8E-73 3.8E-72 
 
Tb927.1.1290 1.24 3.51 8.6E-08 2.1E-07 
 
Tb927.8.5260 1.24 10.34 1.5E-66 1.8E-65 
 
Tb927.8.6030 1.24 9.90 3.9E-64 4.6E-63 
 
Tb927.8.1330 1.24 7.98 6.1E-63 7.0E-62 
 
Tb927.11.2690 1.24 8.73 1.2E-26 6.9E-26 
 
Tb927.11.15900 1.24 6.20 2.1E-24 1.1E-23 
 




Tb927.3.1890 1.24 6.31 2.1E-90 3.4E-89 
 
Tb927.5.3300 1.24 7.21 3.6E-110 7.4E-109 
 
Tb927.9.9810 1.23 7.69 7.7E-66 9.3E-65 
 
Tb927.2.660 1.23 4.62 3.2E-12 1.0E-11 
 
Tb927.9.6070 1.23 9.71 4.7E-102 8.8E-101 RPS3 
Tb927.2.4200 1.23 6.97 1.6E-43 1.3E-42 
 
Tb927.11.14660 1.23 5.32 1.4E-32 9.2E-32 
 
Tb927.3.3330 1.23 7.57 4.2E-68 5.2E-67 
 
Tb927.7.6990 1.23 6.73 9.4E-83 1.4E-81 
 
Tb927.10.8430 1.23 10.11 2.0E-93 3.5E-92 
 
Tb927.10.3300 1.22 5.92 8.4E-55 8.5E-54 
 
Tb927.10.1660 1.22 5.64 1.1E-45 9.8E-45 
 
Tb927.11.11520 1.22 8.71 1.9E-85 2.9E-84 PEX11 
Tb927.4.2360 1.22 6.75 3.7E-105 7.1E-104 
 
Tb927.3.2450 1.22 5.02 2.0E-17 8.2E-17 
 
Tb927.10.9880 1.22 9.44 1.4E-95 2.5E-94 TbL18LP 
Tb927.7.1730 1.22 7.15 1.1E-48 1.0E-47 
 
Tb927.10.5480 1.21 9.01 4.9E-29 2.9E-28 
 
Tb927.7.2340 1.21 8.47 2.3E-70 3.0E-69 
 
Tb927.9.15320 1.21 5.43 6.9E-11 2.1E-10 
 
Tb927.3.680 1.21 6.66 1.4E-81 2.1E-80 
 
Tb927.10.190 1.21 10.00 2.4E-72 3.2E-71 
 
Tb927.8.7630 1.21 5.93 1.1E-32 6.9E-32 AATP1 
Tb927.9.1810 1.21 6.86 2.0E-22 1.0E-21 
 
Tb927.11.16280 1.21 9.33 2.7E-68 3.3E-67 
 
Tb927.4.4040 1.21 7.99 7.0E-66 8.5E-65 
 
Tb927.9.11820 1.21 6.06 6.8E-41 5.3E-40 
 
Tb927.7.1700 1.21 6.13 2.5E-79 3.6E-78 
 
Tb927.5.320 1.21 5.81 6.1E-27 3.4E-26 
 
Tb927.6.5040 1.21 10.23 2.7E-103 5.1E-102 
 
Tb927.6.2100 1.20 8.43 1.8E-52 1.8E-51 
 
Tb927.6.4690 1.20 10.49 7.3E-72 9.7E-71 
 
Tb927.4.4380 1.20 9.07 2.0E-89 3.3E-88 VP1 
Tb927.4.3520 1.20 6.70 2.8E-39 2.1E-38 
 
Tb927.8.1110 1.20 10.21 8.2E-93 1.4E-91 
 
Tb927.9.14420 1.20 6.47 2.2E-69 2.8E-68 PPIase 
Tb927.11.9700 1.20 9.56 3.7E-40 2.8E-39 
 
Tb927.2.5910 1.20 9.50 6.1E-66 7.4E-65 
 




Tb927.1.1770 1.20 4.74 5.6E-25 3.0E-24 
 
Tb927.6.1250 1.20 6.61 1.0E-83 1.6E-82 MRPS29 
Tb927.11.9720 1.20 9.17 1.4E-63 1.6E-62 
 
Tb927.7.7020 1.20 5.46 2.4E-25 1.3E-24 
 
Tb927.10.1580 1.20 6.28 5.5E-57 5.8E-56 
 
Tb927.1.2650 1.19 3.89 1.5E-11 4.7E-11 
 
Tb927.1.4420 1.19 6.99 5.4E-44 4.5E-43 
 
Tb927.7.190 1.19 8.71 1.6E-57 1.7E-56 THOP1 
Tb927.9.14060 1.19 3.45 3.0E-08 7.5E-08 
 
Tb927.11.11230 1.19 10.09 3.2E-72 4.3E-71 
 
Tb927.6.2010 1.19 7.72 7.6E-98 1.4E-96 
 
Tb927.11.16220 1.19 5.66 5.6E-43 4.6E-42 
 
Tb927.5.3800 1.18 9.28 2.3E-22 1.1E-21 
 
Tb927.11.3570 1.18 8.88 8.1E-105 1.6E-103 
 
Tb927.11.11960 1.18 4.77 1.4E-15 5.4E-15 
 
Tb927.11.740 1.18 10.60 4.5E-58 4.8E-57 EIF5A 
Tb927.7.5950 1.18 6.86 4.4E-55 4.5E-54 PAD3 
Tb927.10.4130 1.17 7.49 1.8E-111 3.8E-110 
 
Tb927.4.1100 1.17 9.31 7.9E-87 1.3E-85 
 
Tb927.11.14160 1.17 7.88 2.2E-31 1.4E-30 
 
Tb927.10.7410 1.17 9.99 4.8E-99 8.8E-98 
 
Tb927.8.3530 1.17 10.82 1.5E-92 2.6E-91 
 
Tb927.7.1750 1.17 7.54 1.0E-32 6.6E-32 
 
Tb927.3.1630 1.17 4.56 3.1E-11 9.4E-11 CK1 
Tb927.5.590 1.17 6.55 1.7E-85 2.7E-84 
 
Tb927.5.3390 1.17 5.54 2.2E-39 1.7E-38 
 
Tb927.10.5330 1.17 9.01 9.9E-58 1.0E-56 
 
Tb927.2.3030 1.17 8.00 1.2E-91 2.0E-90 
 
Tb927.9.11410 1.17 6.54 7.9E-24 4.0E-23 
 
Tb927.10.1100 1.17 10.74 4.4E-91 7.3E-90 
 
Tb927.9.15150 1.17 9.28 2.1E-55 2.2E-54 
 
Tb927.10.470 1.16 6.32 3.5E-69 4.5E-68 
 
Tb927.11.1320 1.16 6.36 5.5E-54 5.5E-53 NDHK 
Tb927.11.8200 1.16 10.03 1.8E-55 1.8E-54 
 
Tb927.9.2460 1.16 6.97 1.9E-26 1.1E-25 
 
Tb927.10.9810 1.16 6.02 3.5E-56 3.7E-55 
 
Tb927.8.1340 1.16 7.87 5.6E-64 6.6E-63 
 
Tb927.11.7260 1.16 4.73 1.5E-16 6.2E-16 
 




Tb927.4.5240 1.16 6.83 5.5E-43 4.5E-42 
 
Tb927.10.6730 1.16 8.68 2.0E-115 4.3E-114 
 
Tb927.8.550 1.16 6.08 1.3E-32 8.3E-32 
 
Tb927.11.15780 1.16 6.01 7.9E-67 9.7E-66 
 
Tb927.9.15210 1.16 8.72 3.9E-32 2.5E-31 
 
Tb927.6.720 1.16 9.67 2.6E-61 2.9E-60 
 
Tb927.1.1320 1.15 3.63 5.8E-15 2.2E-14 
 
Tb927.10.1390 1.15 7.39 1.6E-74 2.3E-73 HGPRT 
Tb927.9.6310 1.15 7.92 6.4E-74 8.8E-73 
 
Tb927.7.6300 1.15 4.35 1.7E-07 4.1E-07 
 
Tb927.9.14210 1.15 4.17 7.1E-18 3.0E-17 
 
Tb927.11.3600 1.15 8.65 6.1E-68 7.6E-67 
 
Tb927.3.2670 1.15 5.56 6.8E-37 4.9E-36 
 
Tb927.9.10100 1.14 8.59 3.9E-43 3.2E-42 
 
Tb927.10.13620 1.14 6.80 1.5E-74 2.0E-73 
 
Tb927.7.5160 1.14 7.19 6.8E-65 8.1E-64 
 
Tb927.10.6300 1.14 6.10 4.2E-46 3.7E-45 
 
Tb927.11.10160 1.14 10.19 3.4E-53 3.4E-52 
 
Tb927.4.4350 1.14 6.91 1.1E-44 9.7E-44 
 
Tb927.9.9840 1.14 7.18 3.0E-49 2.8E-48 GCVH 
Tb927.11.14320 1.13 6.95 5.3E-45 4.6E-44 
 
Tb927.9.1580 1.13 4.37 1.6E-19 7.0E-19 
 
Tb927.2.3800 1.13 7.98 7.0E-61 7.9E-60 GAP1 
Tb927.10.14810 1.13 7.63 6.6E-65 8.0E-64 mbf1 
Tb927.3.5350 1.13 7.45 1.3E-53 1.3E-52 
 
Tb927.4.1860 1.13 10.25 7.7E-77 1.1E-75 
 
Tb927.10.3930 1.13 9.90 3.3E-51 3.2E-50 
 
Tb927.8.2240 1.13 6.47 6.8E-73 9.2E-72 
 
Tb927.8.7340 1.12 5.83 4.0E-29 2.4E-28 
 
Tb927.10.5460 1.12 8.61 4.0E-47 3.6E-46 
 
Tb927.11.14130 1.12 10.02 6.3E-65 7.5E-64 
 
Tb927.10.3280 1.12 10.04 2.4E-54 2.4E-53 
 
Tb927.10.13990 1.12 7.19 2.6E-58 2.8E-57 
 
Tb927.5.2080 1.12 7.71 1.1E-81 1.7E-80 GMPR 
Tb927.11.5600 1.12 6.09 1.4E-45 1.2E-44 ATOM14 
Tb927.10.7870 1.12 7.21 2.4E-67 2.9E-66 
 
Tb927.9.14200 1.12 6.27 3.0E-45 2.6E-44 
 
Tb927.7.6000 1.12 7.78 1.2E-27 6.7E-27 
 




Tb927.9.6980 1.11 3.48 1.7E-10 4.9E-10 
 
Tb927.9.15590 1.11 6.01 1.5E-25 8.1E-25 BARP 
Tb927.1.600 1.11 7.33 6.3E-38 4.7E-37 
 
Tb927.7.2680 1.11 7.76 5.8E-14 2.0E-13 ZC3H22 
Tb927.11.4300 1.11 10.37 2.0E-71 2.6E-70 RPL18 
Tb927.9.15110 1.11 8.31 1.6E-43 1.4E-42 
 
Tb927.5.1110 1.10 10.59 1.1E-83 1.7E-82 
 
Tb927.10.12850 1.10 10.50 4.1E-71 5.3E-70 TRF 
Tb927.9.8070 1.10 6.43 1.4E-22 6.7E-22 QM 
Tb927.11.13800 1.10 5.61 3.2E-21 1.5E-20 
 
Tb927.11.12070 1.10 5.63 2.4E-31 1.5E-30 
 
Tb927.2.2920 1.10 6.55 1.6E-45 1.4E-44 
 
Tb927.9.5690 1.10 9.68 1.4E-47 1.2E-46 
 
Tb927.11.10680 1.09 3.86 2.2E-09 6.0E-09 
 
Tb927.6.2590 1.09 6.61 1.4E-57 1.4E-56 
 
Tb927.4.5060 1.09 6.45 2.1E-29 1.2E-28 
 
Tb927.1.1280 1.09 4.42 3.8E-07 8.7E-07 
 
Tb927.7.3440 1.09 8.28 3.0E-46 2.6E-45 
 
Tb927.9.12570 1.09 7.85 5.7E-36 4.0E-35 glk1 
Tb927.8.4950 1.09 6.86 1.0E-18 4.4E-18 
 
Tb927.1.1480 1.09 4.85 1.3E-06 3.0E-06 
 
Tb927.9.6870 1.09 5.73 7.8E-35 5.3E-34 RBSR1 
Tb927.6.3740 1.09 6.48 1.6E-37 1.2E-36 
 
Tb927.6.140 1.09 6.60 2.1E-61 2.4E-60 
 
Tb927.5.3120 1.09 7.57 3.7E-87 5.9E-86 EIF2B 
Tb927.3.5190 1.09 6.72 5.6E-49 5.2E-48 
 
Tb927.11.6300 1.09 10.87 5.9E-58 6.3E-57 
 
Tb927.5.1480 1.08 5.16 3.1E-19 1.4E-18 
 
Tb927.10.15120 1.08 9.86 2.1E-52 2.1E-51 
 
Tb927.7.1050 1.08 8.54 4.8E-34 3.2E-33 
 
Tb927.8.1490 1.08 5.82 1.1E-33 7.6E-33 
 
Tb927.10.15420 1.07 6.36 8.4E-69 1.1E-67 
 
Tb927.1.590 1.07 6.73 9.0E-52 8.7E-51 
 
Tb927.7.1280 1.07 4.69 4.6E-12 1.5E-11 
 
Tb927.10.5010 1.07 8.22 1.3E-87 2.1E-86 EF-G1 
Tb927.11.4290 1.07 9.95 5.4E-62 6.2E-61 RPS12 
Tb927.6.1570 1.07 7.13 7.5E-101 1.4E-99 
 
Tb927.9.8530 1.07 3.64 5.0E-11 1.5E-10 
 




Tb927.10.3830 1.07 9.09 5.5E-59 6.0E-58 
 
Tb927.11.6700 1.07 5.87 8.8E-37 6.3E-36 
 
Tb927.11.1880 1.07 5.03 1.0E-19 4.6E-19 
 
Tb927.7.320 1.07 6.33 1.2E-39 9.5E-39 TbRBP8 
Tb927.11.11820 1.07 7.70 1.3E-38 9.4E-38 
 
Tb927.10.4000 1.07 6.61 1.8E-46 1.6E-45 
 
Tb927.11.5830 1.07 7.18 4.7E-44 4.0E-43 
 
Tb927.8.5790 1.07 7.35 1.8E-50 1.7E-49 
 
Tb927.11.9730 1.07 9.75 9.0E-41 7.0E-40 
 
Tb927.11.9040 1.07 6.01 4.3E-41 3.4E-40 
 
Tb927.10.270 1.06 9.21 9.2E-47 8.2E-46 
 
Tb927.10.1160 1.06 4.78 1.7E-17 7.0E-17 
 
Tb927.10.5500 1.06 7.31 8.9E-69 1.1E-67 
 
Tb927.9.2260 1.06 7.23 1.9E-60 2.1E-59 
 
Tb927.11.2580 1.06 6.36 1.2E-62 1.4E-61 POMP11 
Tb927.7.7210 1.06 7.24 3.9E-74 5.3E-73 POMP37 
Tb927.10.7340 1.06 9.75 6.6E-36 4.7E-35 
 
Tb927.9.15580 1.06 5.23 1.1E-15 4.0E-15 BARP 
Tb927.8.2290 1.06 5.27 2.6E-30 1.6E-29 
 
Tb927.1.570 1.06 6.61 6.9E-43 5.7E-42 DOT1B 
Tb927.11.3590 1.06 9.67 2.1E-77 3.0E-76 
 
Tb927.7.2670 1.05 7.00 1.5E-38 1.1E-37 ZC3H21 
Tb927.10.9800 1.05 10.09 5.0E-70 6.4E-69 
 
Tb927.11.350 1.05 6.84 3.9E-71 5.1E-70 
 
Tb927.9.14370 1.05 9.71 2.8E-41 2.2E-40 
 
Tb927.11.10140 1.05 6.26 6.3E-51 6.1E-50 
 
Tb927.10.8550 1.05 3.95 7.7E-17 3.1E-16 
 
Tb927.7.6660 1.05 5.96 1.2E-35 8.3E-35 
 
Tb927.3.3310 1.05 7.28 1.1E-30 6.9E-30 
 
Tb927.10.14580 1.05 9.88 2.2E-48 2.0E-47 
 
Tb927.10.160 1.05 6.24 4.8E-33 3.1E-32 KPAP2 
Tb927.11.5950 1.05 7.68 1.9E-32 1.2E-31 
 
Tb927.10.3940 1.05 9.28 1.7E-62 1.9E-61 
 
Tb927.6.4070 1.04 6.58 5.4E-47 4.8E-46 
 
Tb927.9.1960 1.04 6.92 9.2E-54 9.2E-53 
 
Tb927.10.6070 1.04 10.30 2.9E-32 1.9E-31 UMSBP1 
Tb927.7.3680 1.04 9.70 2.5E-43 2.0E-42 
 
Tb927.10.11390 1.04 10.26 2.2E-63 2.5E-62 
 




Tb927.5.1360 1.04 7.19 2.8E-48 2.5E-47 NDRT 
Tb927.7.6200 1.04 5.49 7.5E-28 4.3E-27 
 
Tb927.10.13490 1.04 7.02 3.5E-55 3.5E-54 
 
Tb927.9.8130 1.04 6.51 1.1E-28 6.4E-28 
 
Tb927.5.1050 1.03 6.74 5.8E-44 4.9E-43 
 
Tb927.11.3000 1.03 8.96 7.2E-34 4.8E-33 
 
Tb927.11.8910 1.03 6.62 2.0E-40 1.6E-39 
 
Tb927.11.10800 1.03 6.76 1.1E-72 1.4E-71 
 
Tb927.10.14600 1.03 7.77 7.7E-23 3.8E-22 RPS2 
Tb927.1.1000 1.03 6.99 2.5E-67 3.1E-66 
 
Tb927.10.4040 1.03 6.97 1.1E-58 1.1E-57 
 
Tb927.11.13180 1.02 8.44 1.3E-78 1.9E-77 POMP10 
Tb927.3.3750 1.02 7.93 2.5E-37 1.8E-36 PFC7 
Tb927.8.6180 1.02 9.86 1.1E-51 1.1E-50 
 
Tb927.8.4630 1.02 6.91 4.0E-32 2.5E-31 
 
Tb927.11.7330 1.02 6.09 4.7E-37 3.4E-36 
 
Tb927.6.1860 1.02 6.10 2.2E-32 1.4E-31 
 
Tb927.10.1030 1.02 7.08 1.9E-42 1.6E-41 CBP1 
Tb927.11.10770 1.02 8.03 3.8E-75 5.3E-74 
 
Tb927.11.3460 1.02 6.71 1.1E-44 9.5E-44 
 
Tb927.5.460 1.01 5.76 5.2E-14 1.8E-13 
 
Tb927.10.4750 1.01 7.80 3.6E-51 3.5E-50 
 
Tb927.10.6270 1.01 3.63 4.8E-10 1.3E-09 
 
Tb927.3.3660 1.01 6.62 1.6E-57 1.7E-56 
 
Tb927.10.1690 1.01 5.76 3.4E-25 1.8E-24 NBP 1 
Tb927.11.5390 1.01 6.56 6.1E-41 4.8E-40 
 
Tb927.4.2180 1.01 10.20 1.5E-81 2.2E-80 
 
Tb927.2.2880 1.01 5.92 7.4E-42 5.9E-41 
 
Tb927.6.1530 1.01 7.31 8.0E-45 6.8E-44 
 
Tb927.8.6410 1.01 6.47 4.1E-42 3.3E-41 
 
Tb927.10.12730 1.01 5.80 1.4E-10 4.0E-10 
 
Tb927.8.2300 1.01 6.17 5.2E-35 3.5E-34 
 
Tb927.10.13500 1.00 10.50 3.2E-71 4.2E-70 RPL10A 
Tb927.3.4920 1.00 7.10 1.0E-65 1.2E-64 
 
Tb927.9.1590 1.00 5.00 6.4E-21 3.0E-20 
 
Tb927.7.6770 1.00 8.13 2.8E-59 3.1E-58 
 
Tb927.10.7320 1.00 6.20 2.4E-48 2.2E-47 
 
Tb927.11.9800 1.00 6.35 3.6E-41 2.9E-40 
 




Tb927.11.7220 -1.00 7.39 8.7E-21 4.0E-20 
 
Tb927.6.5190 -1.00 4.47 8.7E-12 2.7E-11 
 
Tb927.9.2400 -1.01 6.04 4.4E-35 3.0E-34 
 
Tb927.2.2120 -1.01 7.01 1.3E-44 1.1E-43 NEK22 
Tb927.3.4000 -1.01 6.90 3.6E-27 2.0E-26 
 
Tb927.11.11540 -1.01 7.01 2.7E-42 2.2E-41 
 
Tb927.6.3620 -1.01 6.71 1.1E-48 1.1E-47 
 
Tb927.1.290 -1.01 6.74 2.7E-17 1.1E-16 
 
Tb927.7.6560 -1.01 7.11 4.4E-33 2.9E-32 
 
Tb927.7.1190 -1.02 7.60 1.2E-61 1.3E-60 
 
Tb927.1.370 -1.02 6.84 1.3E-21 6.3E-21 
 
Tb927.6.1400 -1.02 4.41 8.5E-17 3.4E-16 PPIase 
Tb927.11.3720 -1.02 3.56 4.0E-05 7.9E-05 
 
Tb05.5K5.190 -1.02 5.49 3.4E-15 1.3E-14 
 
Tb927.10.14670 -1.02 5.98 4.5E-33 2.9E-32 
 
Tb927.10.5400 -1.02 6.95 1.5E-75 2.1E-74 
 
Tb927.10.8570 -1.03 6.20 1.8E-41 1.4E-40 
 
Tb927.8.1280 -1.03 6.24 2.1E-12 6.7E-12 
 
Tb927.10.6050 -1.03 9.44 1.5E-13 5.3E-13 CHC 
Tb927.7.7000 -1.03 7.12 3.1E-24 1.6E-23 
 
Tb927.11.14540 -1.03 6.32 1.1E-51 1.0E-50 
 
Tb927.10.5510 -1.03 6.39 1.3E-48 1.2E-47 
 
Tb927.10.12590 -1.03 7.37 1.5E-37 1.1E-36 
 
Tb927.7.3180 -1.03 7.27 2.5E-92 4.2E-91 
 
Tb927.7.1090 -1.04 7.18 2.9E-12 9.2E-12 
 
Tb927.10.4300 -1.04 3.80 8.5E-15 3.1E-14 HKT1 
Tb927.11.12470 -1.04 7.31 9.0E-34 6.1E-33 
 
Tb927.10.100 -1.04 4.40 3.7E-10 1.1E-09 
 
Tb927.1.480 -1.04 6.94 2.6E-29 1.5E-28 
 
Tb927.6.4320 -1.05 7.29 7.8E-52 7.7E-51 
 
Tb927.10.10040 -1.05 4.60 2.5E-15 9.5E-15 
 
Tb927.7.1330 -1.05 6.04 4.6E-46 4.0E-45 
 
Tb927.11.8820 -1.05 6.60 2.4E-55 2.4E-54 
 
Tb927.11.8460 -1.05 6.51 1.0E-42 8.3E-42 
 
Tb927.4.4780 -1.05 4.76 1.3E-12 4.1E-12 
 
Tb927.3.4090 -1.06 6.38 9.9E-61 1.1E-59 
 
Tb927.8.4200 -1.06 2.99 2.6E-07 6.0E-07 
 
Tb927.11.3650 -1.06 8.11 4.4E-22 2.1E-21 
 




Tb927.4.3180 -1.07 4.74 1.8E-18 7.7E-18 
 
Tb927.10.7540 -1.07 6.13 3.9E-37 2.8E-36 
 
Tb927.10.8830 -1.07 7.17 7.5E-24 3.9E-23 FAZ5 
Tb927.9.9380 -1.07 5.71 1.6E-37 1.1E-36 SLS4 
Tb927.10.9320 -1.07 5.28 2.2E-19 9.8E-19 
 
Tb927.4.2370 -1.07 6.29 2.3E-55 2.4E-54 
 
Tb927.11.8380 -1.08 6.56 5.7E-54 5.7E-53 CPR 
Tb927.10.9850 -1.08 6.25 5.0E-63 5.7E-62 
 
Tb927.8.7450 -1.08 6.53 2.9E-63 3.4E-62 
 
Tb927.7.6650 -1.08 5.89 2.8E-24 1.4E-23 
 
Tb927.9.14600 -1.08 5.63 5.8E-25 3.1E-24 
 
Tb927.8.3520 -1.09 6.88 7.5E-42 6.0E-41 
 
Tb927.9.7520 -1.09 5.89 2.6E-22 1.3E-21 
 
Tb927.5.420 -1.09 6.51 1.4E-58 1.5E-57 
 
Tb927.1.360 -1.09 4.55 2.7E-15 1.0E-14 
 
Tb927.9.3490 -1.09 6.45 4.7E-42 3.8E-41 
 
Tb927.8.7110 -1.09 4.06 3.5E-13 1.2E-12 NEK12.1 
Tb927.9.12650 -1.09 9.41 2.2E-48 2.0E-47 UBA2 
Tb927.5.3220 -1.09 6.99 1.0E-56 1.1E-55 
 
Tb927.8.5870 -1.10 6.21 2.3E-38 1.7E-37 
 
Tb927.9.700 -1.10 3.56 4.5E-11 1.4E-10 
 
Tb927.4.4590 -1.10 6.53 2.9E-52 2.8E-51 
 
Tb927.11.5900 -1.10 4.60 5.4E-15 2.0E-14 
 
Tb927.7.510 -1.11 5.94 6.2E-35 4.2E-34 
 
Tb927.8.4350 -1.11 5.62 3.8E-33 2.5E-32 
 
Tb927.2.4470 -1.11 6.28 9.3E-53 9.2E-52 
 
Tb927.6.120 -1.11 3.59 3.1E-08 7.8E-08 
 
Tb927.8.7720 -1.11 7.80 9.5E-63 1.1E-61 
 
Tb927.9.5230 -1.11 6.26 4.7E-37 3.4E-36 
 
Tb927.6.4390 -1.11 7.58 7.4E-54 7.4E-53 KHC1 
Tb927.2.3880 -1.11 5.54 2.3E-12 7.5E-12 HNRNPH/F 
Tb927.11.15400 -1.11 6.56 6.0E-22 2.9E-21 
 
Tb927.10.710 -1.12 5.60 6.2E-45 5.3E-44 
 
Tb927.4.3870 -1.12 5.12 1.2E-27 7.1E-27 
 
Tb927.11.16260 -1.12 6.99 3.1E-26 1.7E-25 
 
Tb927.3.5760 -1.12 6.46 1.8E-36 1.3E-35 
 
Tb927.9.15510 -1.13 4.90 9.3E-18 3.9E-17 BARP 
Tb927.8.8070 -1.13 6.56 5.1E-48 4.6E-47 
 




Tb927.11.8240 -1.13 6.44 6.1E-54 6.1E-53 
 
Tb927.6.3410 -1.14 5.29 2.7E-33 1.8E-32 
 
Tb927.6.4170 -1.14 6.09 4.8E-54 4.9E-53 
 
Tb927.5.800 -1.14 7.52 1.4E-15 5.4E-15 CK1.2 
Tb927.3.3450 -1.14 7.66 9.7E-54 9.7E-53 arl3 
Tb927.9.5220 -1.15 5.47 2.0E-35 1.4E-34 
 
Tb927.10.7360 -1.15 6.07 2.0E-53 2.0E-52 
 
Tb927.9.7110 -1.15 7.48 1.2E-96 2.1E-95 
 
Tb927.7.6150 -1.16 4.14 4.0E-25 2.1E-24 
 
Tb927.9.6560 -1.16 7.40 6.6E-16 2.6E-15 
 
Tb927.11.9030 -1.16 5.24 1.4E-32 9.1E-32 
 
Tb927.3.1830 -1.16 5.56 4.1E-40 3.2E-39 
 
Tb927.9.14330 -1.16 7.27 2.3E-82 3.5E-81 
 
Tb927.8.1400 -1.16 3.57 3.2E-15 1.2E-14 
 
Tb927.10.11940 -1.16 5.91 1.6E-43 1.3E-42 
 
Tb927.9.11810 -1.16 6.10 1.3E-47 1.2E-46 
 
Tb927.8.4340 -1.17 6.80 8.8E-46 7.7E-45 
 
Tb927.10.3660 -1.17 7.86 4.4E-33 2.9E-32 
 
Tb927.7.4650 -1.17 6.76 1.2E-48 1.1E-47 JBP2 
Tb927.10.14150 -1.17 8.38 8.1E-81 1.2E-79 
 
Tb927.11.4610 -1.17 6.77 6.1E-20 2.7E-19 PKA-R 
Tb927.11.3850 -1.17 7.40 1.9E-27 1.0E-26 
 
Tb927.10.5250 -1.17 6.08 1.4E-15 5.2E-15 ZC3H32 
Tb927.11.13000 -1.17 7.77 2.5E-50 2.4E-49 
 
Tb927.6.1800 -1.18 4.49 1.8E-13 6.2E-13 
 
Tb927.9.6360 -1.18 3.90 1.7E-12 5.5E-12 
 
Tb927.4.1110 -1.18 6.33 6.4E-74 8.8E-73 
 
Tb11.1800 -1.19 4.90 1.4E-14 5.0E-14 
 
Tb927.4.960 -1.19 6.58 1.8E-66 2.1E-65 
 
Tb927.8.6100 -1.19 7.42 2.4E-90 4.0E-89 
 
Tb927.7.4500 -1.20 8.71 4.5E-76 6.3E-75 
 
Tb927.10.2430 -1.21 6.56 3.2E-30 1.9E-29 
 
Tb927.11.12710 -1.21 6.59 1.4E-37 1.1E-36 
 
Tb927.6.2520 -1.21 4.77 1.4E-17 5.9E-17 
 
Tb927.1.70 -1.21 4.77 6.0E-13 2.0E-12 
 
Tb927.3.5090 -1.21 7.49 5.4E-65 6.5E-64 TXN2 
Tb09_snoRNA_0079 -1.21 3.94 3.2E-11 9.7E-11 
 
Tb927.7.4170 -1.21 8.48 2.2E-49 2.1E-48 
 




Tb927.11.12800 -1.22 2.93 1.6E-09 4.4E-09 RNR2 
Tb927.11.7990 -1.22 3.74 4.8E-17 1.9E-16 
 
Tb927.9.9390 -1.22 6.90 1.3E-64 1.5E-63 SLS3 
Tb927.11.10640 -1.22 6.07 2.7E-54 2.7E-53 
 
Tb927.8.7590 -1.22 6.32 2.1E-71 2.7E-70 
 
Tb927.11.1280 -1.22 8.55 6.5E-19 2.8E-18 
 
Tb927.7.6590 -1.23 7.08 1.5E-24 7.9E-24 
 
Tb927.11.2490 -1.23 7.20 2.0E-30 1.2E-29 
 
Tb927.2.5300 -1.23 3.88 7.6E-13 2.6E-12 
 
Tb927.10.2330 -1.23 7.15 3.2E-69 4.0E-68 
 
Tb927.7.2660 -1.24 9.93 2.1E-25 1.1E-24 ZC3H20 
Tb927.9.6530 -1.24 7.44 4.8E-49 4.5E-48 
 
Tb927.5.2090 -1.24 7.66 7.6E-31 4.7E-30 
 
Tb927.10.4260 -1.25 7.08 1.4E-79 2.0E-78 
 
Tb927.6.150 -1.25 4.59 1.6E-10 4.5E-10 
 
Tb927.11.5370 -1.25 6.77 3.0E-75 4.3E-74 
 
Tb927.2.1310 -1.25 5.58 2.0E-20 9.0E-20 
 
Tb927.10.2610 -1.25 7.36 2.0E-84 3.1E-83 
 
Tb927.10.3360 -1.25 7.74 2.1E-59 2.3E-58 
 
Tb927.6.3940 -1.25 6.59 7.3E-85 1.1E-83 
 
Tb927.4.1640 -1.26 6.98 1.4E-71 1.9E-70 
 
Tb927.4.2450 -1.26 8.07 4.6E-91 7.6E-90 
 
Tb927.5.3320 -1.26 7.40 5.0E-80 7.3E-79 
 
Tb927.10.4160 -1.26 6.58 7.2E-65 8.6E-64 
 
Tb927.8.5080 -1.26 6.68 1.4E-55 1.5E-54 
 
Tb927.9.15890 -1.26 6.09 1.1E-44 9.4E-44 
 
Tb927.7.480 -1.27 6.58 1.5E-78 2.1E-77 
 
Tb927.10.11140 -1.27 7.90 1.1E-117 2.5E-116 
 
Tb927.4.5100 -1.27 5.90 1.4E-43 1.2E-42 
 
Tb927.7.6580 -1.27 6.95 5.5E-25 2.9E-24 
 
Tb927.10.13930 -1.28 6.04 3.7E-69 4.7E-68 
 
Tb09.v4.0013 -1.28 5.38 4.1E-31 2.6E-30 
 
Tb927.5.810 -1.28 9.29 1.8E-24 9.4E-24 ZC3H11 
Tb927.4.3760 -1.29 4.03 2.2E-32 1.4E-31 
 
Tb927.10.6500 -1.29 6.13 2.0E-50 1.9E-49 
 
Tb927.9.2350 -1.29 7.75 4.2E-115 9.0E-114 
 
Tb927.5.2750 -1.29 5.86 5.4E-59 5.8E-58 
 
Tb927.6.5180 -1.29 3.66 1.2E-12 4.0E-12 
 




Tb927.5.1990 -1.30 7.33 6.4E-60 7.1E-59 
 
Tb927.3.4720 -1.30 7.35 1.8E-99 3.2E-98 
 
Tb927.8.8140 -1.30 6.23 5.6E-64 6.6E-63 
 
Tb927.6.290 -1.30 5.71 3.2E-47 2.9E-46 
 
Tb927.8.7760 -1.31 6.99 1.8E-56 1.9E-55 
 
Tb927.10.14920 -1.31 7.60 4.3E-62 4.9E-61 
 
Tb927.7.3970 -1.31 7.41 2.9E-14 1.0E-13 
 
Tb927.9.4210 -1.31 7.07 3.3E-92 5.6E-91 ACS3 
Tb927.11.5080 -1.31 5.59 9.3E-38 6.9E-37 
 
Tb927.10.1040 -1.32 6.55 2.2E-63 2.6E-62 CBP1 
Tb07.30D13.60 -1.32 5.25 4.8E-21 2.2E-20 
 
Tb927.5.1380 -1.32 5.21 5.3E-43 4.4E-42 
 
Tb927.6.300 -1.32 5.04 1.7E-29 1.0E-28 
 
Tb927.9.11100 -1.33 6.62 1.4E-24 7.6E-24 PKAC1 
Tb927.10.4380 -1.33 3.65 1.2E-15 4.7E-15 
 
Tb927.9.8330 -1.33 5.71 1.1E-50 1.1E-49 
 
Tb927.8.5140 -1.34 6.54 1.1E-94 1.9E-93 
 
Tb927.1.3130 -1.35 5.96 5.2E-65 6.3E-64 
 
Tb927.6.380 -1.35 4.50 5.0E-26 2.7E-25 
 
Tb927.11.7460 -1.35 6.71 1.6E-73 2.1E-72 BiP 
Tb927.5.1460 -1.35 8.32 2.9E-165 9.8E-164 
 
Tb927.9.8950 -1.35 7.81 1.0E-118 2.3E-117 FACE1 
Tb07.30D13.160 -1.36 4.52 3.0E-18 1.3E-17 
 
Tb927.3.4270 -1.36 8.27 4.3E-42 3.4E-41 
 
Tb927.6.170 -1.36 4.32 1.5E-23 7.6E-23 
 
Tb927.5.291b -1.37 6.12 1.8E-50 1.7E-49 ESP5 
Tb927.10.3910 -1.37 6.28 4.1E-72 5.4E-71 
 
Tb927.2.2400 -1.37 5.63 1.0E-49 9.4E-49 
 
Tb927.9.1440 -1.38 8.61 1.9E-107 3.7E-106 
 
Tb927.10.13790 -1.38 8.19 5.3E-85 8.2E-84 
 
Tb04.3I12.100 -1.38 3.73 1.5E-15 5.6E-15 
 
Tb927.8.7780 -1.38 7.45 4.4E-60 4.9E-59 
 
Tb927.2.2770 -1.38 6.72 1.0E-19 4.5E-19 
 
Tb927.11.14070 -1.39 4.65 1.6E-21 7.5E-21 RDK1 
Tb927.2.1130 -1.39 3.12 7.0E-10 2.0E-09 
 
Tb927.6.130 -1.40 5.29 1.2E-23 6.3E-23 
 
Tb927.8.2380 -1.40 7.21 5.3E-51 5.1E-50 
 
Tb927.4.2030 -1.40 7.69 6.7E-105 1.3E-103 ALBA4 




Tb927.10.3800 -1.42 6.83 1.0E-99 1.9E-98 
 
Tb927.8.7940 -1.42 6.60 3.1E-122 7.3E-121 
 
Tb927.8.3740 -1.42 5.52 3.8E-51 3.6E-50 
 
Tb927.3.1660 -1.42 6.57 7.3E-36 5.1E-35 
 
Tb927.7.3490 -1.42 6.85 2.0E-91 3.3E-90 
 
Tb927.10.14910 -1.42 7.14 4.3E-92 7.3E-91 
 
Tb927.11.1350 -1.43 5.31 9.3E-44 7.8E-43 MCU 
Tb927.5.3100 -1.43 7.12 4.2E-106 8.2E-105 
 
Tb927.9.7280 -1.44 3.87 2.6E-18 1.1E-17 
 
Tb927.8.3390 -1.44 5.54 2.0E-30 1.3E-29 
 
Tb927.7.3450 -1.44 6.14 3.6E-77 5.1E-76 
 
Tb927.10.14760 -1.44 7.73 8.3E-129 2.1E-127 
 
Tb927.7.7480 -1.44 5.63 7.7E-54 7.7E-53 
 
Tb927.11.7380 -1.45 7.65 2.2E-58 2.4E-57 
 
Tb927.1.350 -1.45 2.82 2.2E-12 7.1E-12 
 
Tb927.8.8250 -1.45 7.41 1.6E-114 3.4E-113 
 
Tb927.3.4280 -1.45 6.68 2.7E-71 3.6E-70 
 
Tb927.8.1200 -1.46 5.70 7.7E-57 8.2E-56 TbA2 
Tb927.3.5660 -1.46 6.42 3.3E-47 2.9E-46 GnTI 
Tb927.3.4110 -1.46 7.63 8.8E-164 3.0E-162 
 
Tb927.3.610 -1.46 6.62 5.7E-47 5.1E-46 
 
Tb927.8.8030 -1.47 7.14 3.1E-105 6.0E-104 
 
Tb927.8.8000 -1.47 6.60 1.6E-127 4.1E-126 
 
Tb927.4.1240 -1.47 5.99 1.3E-46 1.2E-45 
 
Tb927.9.11790 -1.47 5.33 7.8E-52 7.6E-51 
 
Tb927.8.4840 -1.47 7.05 3.4E-96 6.0E-95 
 
Tb927.11.10690 -1.47 6.45 8.7E-151 2.6E-149 
 
Tb927.5.4560 -1.48 4.73 1.4E-22 7.1E-22 
 
Tb927.8.3880 -1.48 6.02 1.1E-55 1.2E-54 
 
Tb10.v4.0215 -1.48 4.06 7.2E-20 3.2E-19 
 
Tb927.6.280 -1.49 5.52 2.8E-40 2.2E-39 
 
Tb927.6.310 -1.49 4.89 6.6E-34 4.4E-33 
 
Tb927.2.4590 -1.49 7.23 2.3E-58 2.5E-57 
 
Tb927.10.1230 -1.49 6.51 4.5E-106 8.8E-105 
 
Tb927.1.3830 -1.49 8.52 4.8E-94 8.3E-93 PGI 
Tb927_09_v4.snoRNA.0006 -1.49 3.66 6.2E-10 1.7E-09 
 
Tb927.1.4830 -1.50 6.63 1.2E-51 1.2E-50 PLA1 
Tb927.8.4890 -1.50 7.42 4.9E-68 6.1E-67 
 




Tb927.3.4180 -1.50 7.36 1.5E-100 2.7E-99 
 
Tb927.8.5050 -1.51 7.35 3.2E-89 5.3E-88 
 
Tb927.9.13650 -1.51 5.46 3.1E-34 2.1E-33 ARF1 
Tb927.10.5620 -1.51 11.06 4.2E-186 1.7E-184 ALD 
Tb927.10.5810 -1.51 9.27 1.7E-80 2.6E-79 
 
Tb927.8.2610 -1.52 5.72 4.6E-53 4.6E-52 
 
Tb927.8.4520 -1.52 6.79 5.5E-81 8.2E-80 
 
Tb927.11.17850 -1.52 5.05 3.2E-39 2.4E-38 
 
Tb927.11.1470 -1.53 7.79 1.2E-70 1.6E-69 
 
Tb927.2.2340 -1.53 4.28 1.5E-13 5.1E-13 
 
Tb05.5K5.80 -1.53 3.08 8.1E-17 3.3E-16 
 
Tb927.10.2390 -1.54 5.18 1.1E-51 1.1E-50 CK1.3 
Tb927.10.4180 -1.54 7.96 4.1E-179 1.5E-177 
 
Tb927.3.2420 -1.55 6.38 1.8E-80 2.7E-79 
 
Tb927.4.3380 -1.55 6.97 2.3E-77 3.3E-76 
 
Tb927.7.6070 -1.55 4.64 2.4E-40 1.8E-39 
 
Tb927.2.960 -1.56 6.36 7.6E-41 6.0E-40 
 
Tb927.5.1160 -1.56 7.97 9.4E-194 3.9E-192 
 
Tb927.4.4540 -1.57 5.06 5.2E-52 5.1E-51 
 
Tb927.3.5080 -1.57 9.12 7.5E-60 8.2E-59 
 
Tb927.7.5790 -1.57 7.94 1.6E-55 1.7E-54 
 
Tb927.2.5360 -1.57 4.54 7.3E-24 3.7E-23 
 
Tb06.3A7.960 -1.57 6.30 2.2E-114 4.7E-113 
 
Tb927.11.6600 -1.58 2.84 1.0E-08 2.7E-08 
 
Tb927.8.1130 -1.58 7.36 2.6E-66 3.2E-65 
 
Tb09.v4.0016 -1.58 5.27 1.3E-69 1.6E-68 
 
Tb927.4.170 -1.60 4.41 2.0E-17 8.1E-17 
 
Tb927.8.1390 -1.60 2.96 4.0E-17 1.6E-16 
 
Tb927.4.4460 -1.60 6.36 1.7E-100 3.1E-99 GRESAG 4.4 
Tb927.1.430 -1.60 3.71 8.0E-27 4.4E-26 
 
Tb927.10.530 -1.61 6.35 1.4E-59 1.6E-58 
 
Tb927.8.2080 -1.62 5.42 3.3E-50 3.1E-49 
 
Tb927.11.16790 -1.62 3.22 8.5E-10 2.4E-09 ECK1 
Tb927.8.7920 -1.65 5.35 1.0E-72 1.4E-71 
 
Tb927.11.15790 -1.65 6.42 3.8E-82 5.8E-81 
 
Tb927.7.1420 -1.66 7.79 1.2E-119 2.8E-118 
 
Tb927.8.7900 -1.66 5.22 1.5E-73 2.1E-72 
 
Tb927.11.4170 -1.66 6.45 6.8E-108 1.4E-106 
 




Tb927.7.2040 -1.67 4.78 3.0E-17 1.2E-16 
 
Tb05.5K5.200 -1.68 4.70 4.3E-36 3.0E-35 
 
Tb927.4.4410 -1.68 5.64 2.1E-67 2.6E-66 GRESAG 4.4 
Tb927.8.2660 -1.69 7.20 3.2E-67 4.0E-66 
 
Tb927.11.14220 -1.69 3.94 4.3E-19 1.9E-18 
 
Tb927.7.4230 -1.69 6.42 1.7E-122 4.1E-121 ESP12 
Tb927.4.810 -1.70 6.57 5.6E-143 1.6E-141 
 
Tb927.6.180 -1.71 4.50 1.9E-55 2.0E-54 
 
Tb927.11.6910 -1.71 6.69 1.9E-125 4.6E-124 
 
Tb927.11.4560 -1.72 5.96 3.7E-76 5.2E-75 
 
Tb927.8.2780 -1.72 5.66 1.5E-28 8.8E-28 RBP10 
Tb927.4.4870 -1.72 6.35 1.0E-57 1.1E-56 
 
Tb927.11.2040 -1.73 6.41 7.0E-121 1.6E-119 
 
Tb927.7.6400 -1.73 5.93 4.1E-57 4.4E-56 
 
Tb927.8.1460 -1.74 6.23 1.4E-101 2.5E-100 
 
Tb927.8.5910 -1.74 5.57 2.5E-61 2.8E-60 
 
Tb927.8.3730 -1.74 5.88 1.7E-96 3.1E-95 
 
Tb927.11.17040 -1.75 7.85 1.5E-79 2.2E-78 ACP1 
Tb927.10.12510 -1.75 6.76 3.9E-81 5.9E-80 
 
Tb927.7.6040 -1.75 4.04 1.1E-32 7.1E-32 
 
Tb07.30D13.180 -1.76 5.73 5.2E-58 5.6E-57 
 
Tb927.10.12820 -1.77 8.03 4.2E-122 9.8E-121 
 
Tb927.10.8860 -1.77 6.00 8.3E-124 2.0E-122 
 
Tb927.8.7270 -1.77 6.46 2.0E-161 6.5E-160 
 
Tb927.9.11480 -1.79 7.40 1.8E-124 4.3E-123 ESP9 
Tb927.1.4600 -1.80 5.77 2.4E-40 1.8E-39 CFB1D 
Tb927.2.5310 -1.80 5.03 3.5E-33 2.3E-32 
 
Tb927.10.8440 -1.80 7.21 2.8E-136 7.5E-135 THT1- 
Tb927.2.6210 -1.80 4.15 2.3E-17 9.5E-17 
 
Tb927.11.10810 -1.81 7.31 9.5E-57 9.9E-56 PUF11 
Tb927.10.4440 -1.81 4.15 5.2E-41 4.1E-40 
 
Tb927.6.270 -1.81 5.18 4.6E-43 3.8E-42 
 
Tb927.4.4470 -1.82 6.45 1.6E-107 3.2E-106 GRESAG 4.4 
Tb927.1.4630 -1.82 2.94 4.6E-18 1.9E-17 CFB1E 
Tb927.10.2410 -1.82 7.89 2.1E-150 6.1E-149 MSP-C 
Tb927.11.6120 -1.83 6.79 1.7E-113 3.6E-112 
 
Tb927.5.286b -1.83 5.61 4.7E-61 5.3E-60 AT1 
Tb927.9.7270 -1.83 6.13 3.5E-94 6.0E-93 
 




Tb927.9.12980 -1.84 7.25 2.3E-198 1.0E-196 
 
Tb927.4.710 -1.85 6.31 4.0E-62 4.5E-61 
 
Tb927.1.500 -1.86 4.35 3.7E-32 2.4E-31 
 
Tb927.10.12010 -1.87 5.96 4.6E-108 9.4E-107 
 
Tb927.11.13640 -1.87 6.03 2.3E-72 3.0E-71 JBP1 
Tb927.3.3380 -1.87 6.10 2.1E-95 3.6E-94 
 
Tb927.4.3400 -1.88 6.63 1.8E-165 6.3E-164 
 
Tb927.8.7970 -1.89 7.18 5.4E-121 1.2E-119 
 
Tb927.1.3550 -1.89 4.60 2.3E-25 1.2E-24 
 
Tb927.7.6050 -1.89 4.29 3.9E-34 2.6E-33 
 
Tb927.10.1050 -1.90 5.61 4.2E-132 1.1E-130 CBP1 
Tb927.7.6860 -1.91 9.28 8.0E-205 3.7E-203 
 
Tb927.11.16550 -1.92 3.54 4.6E-25 2.4E-24 ZC3H46 
Tb927.10.6750 -1.92 6.57 3.9E-124 9.5E-123 
 
Tb927.2.6150 -1.92 4.95 1.2E-36 8.8E-36 TbNT2/927 
Tb927.7.6080 -1.92 3.52 2.5E-32 1.6E-31 
 
Tb927.7.5060 -1.93 6.42 2.7E-122 6.3E-121 
 
Tb927.4.1200 -1.93 4.39 5.7E-43 4.7E-42 
 
Tb927.7.810 -1.95 5.93 4.1E-91 6.9E-90 
 
Tb927.4.4420 -1.95 5.13 7.8E-30 4.7E-29 
 
Tb927.5.2000 -1.96 6.65 1.1E-39 8.2E-39 
 
Tb927.8.4360 -1.96 6.76 8.7E-46 7.6E-45 
 
Tb927.10.16190 -1.97 7.65 9.5E-120 2.2E-118 ACP2 
Tb927.3.4230 -1.98 8.19 1.5E-144 4.3E-143 CMF33 
Tb927.11.8830 -1.98 7.02 2.8E-161 9.2E-160 ESP2 
Tb927.4.5310 -1.99 7.24 3.4E-79 5.0E-78 RDK2 
Tb927.10.8230 -2.00 9.41 6.4E-176 2.3E-174 PDI2 
Tb927.10.7140 -2.00 7.31 2.6E-165 8.8E-164 MBAP2 
Tb927.5.890 -2.00 7.01 2.6E-148 7.6E-147 
 
Tb927.11.11710 -2.01 6.78 2.8E-151 8.4E-150 
 
Tb927.1.300 -2.03 3.70 9.5E-34 6.4E-33 
 
Tb927.10.990 -2.03 5.60 2.8E-112 5.9E-111 ESP6 
Tb927.8.7870 -2.03 5.62 1.5E-107 3.1E-106 
 
Tb927.4.2380 -2.04 6.99 6.1E-113 1.3E-111 
 
Tb927.3.3870 -2.04 7.56 6.6E-176 2.4E-174 
 
Tb927.2.1700 -2.08 6.98 1.1E-142 3.2E-141 ESP10 
Tb927.11.7410 -2.09 6.71 1.5E-123 3.5E-122 
 
Tb927.10.13070 -2.09 6.46 3.0E-115 6.5E-114 
 
Tb927.3.3270 -2.09 10.07 2.6E-130 6.8E-129 PFK 
207 
 
Tb05.5K5.260 -2.09 5.53 1.1E-116 2.5E-115 
 
Tb927.10.4390 -2.10 3.07 1.2E-19 5.3E-19 
 
Tb927.8.2280 -2.11 5.63 3.4E-78 4.9E-77 POMP39-4 
Tb927.4.4430 -2.11 6.58 3.7E-115 7.9E-114 GRESAG 4.4 
Tb927.5.390 -2.11 6.48 2.3E-105 4.5E-104 
 
Tb927.6.3480 -2.12 7.43 2.6E-34 1.7E-33 DRBD5 
Tb927.7.3730 -2.12 3.40 1.8E-17 7.3E-17 RBP26 
Tb927.2.2490 -2.13 6.37 8.9E-145 2.6E-143 
 
Tb927.7.7510 -2.14 9.15 1.5E-134 4.0E-133 
 
Tb927.7.6060 -2.14 3.29 6.8E-22 3.3E-21 
 
Tb927.6.3120 -2.16 5.88 1.9E-141 5.4E-140 
 
Tb927.5.3660 -2.16 6.09 7.2E-171 2.5E-169 
 
Tb927.9.13070 -2.16 7.41 5.1E-139 1.4E-137 
 
Tb927.8.6710 -2.17 6.68 4.1E-176 1.5E-174 
 
Tb927.10.4780 -2.17 6.94 2.3E-205 1.1E-203 GPIdeAc 
Tb927.4.3980 -2.19 6.24 9.3E-158 3.0E-156 
 
Tb927.10.2400 -2.22 4.50 6.6E-41 5.2E-40 
 
Tb927.3.2610 -2.24 6.46 2.4E-212 1.2E-210 GPIdeAc2 
Tb927.11.5910 -2.24 6.59 5.6E-106 1.1E-104 
 
Tb927.8.490 -2.24 4.19 1.8E-23 9.1E-23 
 
Tb927.8.7910 -2.25 4.89 2.6E-123 6.2E-122 
 
Tb927.8.3720 -2.26 6.53 8.9E-232 5.1E-230 
 
Tb927.9.4500 -2.28 9.36 4.3E-171 1.5E-169 
 
Tb927.11.1520 -2.28 4.26 1.7E-46 1.5E-45 
 
Tb927.1.5050 -2.28 5.12 3.3E-75 4.6E-74 
 
Tb927.4.4450 -2.29 6.10 1.1E-116 2.5E-115 GRESAG 4.4 
Tb927.8.7880 -2.31 2.67 4.1E-37 3.0E-36 
 
Tb927.10.15910 -2.33 6.81 3.6E-161 1.2E-159 
 
Tb927.10.12100 -2.33 5.73 6.5E-118 1.4E-116 RBP7B 
Tb927.7.6880 -2.33 3.20 2.0E-30 1.2E-29 
 
Tb927.5.360 -2.34 8.56 0.0E+00 0.0E+00 ISG75 
Tb927.11.1230 -2.36 6.64 1.9E-145 5.4E-144 
 
Tb927.9.10650 -2.39 6.23 5.0E-88 8.1E-87 
 
Tb927.4.3480 -2.40 6.67 3.4E-159 1.1E-157 
 
Tb927.7.6600 -2.41 7.14 1.3E-152 4.0E-151 
 
Tb927.11.8740 -2.42 6.65 2.3E-202 1.0E-200 
 
Tb927.8.7930 -2.43 4.88 1.6E-133 4.2E-132 
 
Tb927.11.8330 -2.43 5.46 1.8E-82 2.8E-81 
 




Tb927.3.4070 -2.44 8.12 1.5E-270 1.1E-268 
 
Tb927.11.7760 -2.45 2.76 1.6E-31 1.0E-30 
 
Tb927.7.6570 -2.46 6.97 4.8E-135 1.3E-133 ESP17 
Tb927.4.4440 -2.46 6.04 2.3E-115 5.1E-114 GRESAG 4.4 
Tb927.10.12790 -2.49 6.77 4.8E-94 8.3E-93 
 
Tb927.5.350 -2.52 6.78 1.2E-280 9.1E-279 ISG75 
Tb927.2.2020 -2.53 5.85 2.3E-88 3.7E-87 
 
Tb927.8.7890 -2.55 5.63 3.0E-180 1.1E-178 
 
Tb927.6.440 -2.55 6.80 1.1E-196 4.8E-195 HpHbR 
Tb927.8.8330 -2.56 7.77 5.6E-152 1.7E-150 
 
Tb927.8.6720 -2.58 7.10 6.7E-256 4.6E-254 
 
Tb927.11.4860 -2.59 6.90 2.7E-242 1.6E-240 
 
Tb927.2.1920 -2.62 7.44 0.0E+00 0.0E+00 
 
Tb927.5.370 -2.64 6.42 2.9E-201 1.3E-199 ISG75 
Tb11.0380 -2.65 3.57 3.2E-48 2.9E-47 
 
Tb927.11.7610 -2.67 3.63 2.2E-43 1.9E-42 
 
Tb927.8.6730 -2.67 6.69 3.5E-268 2.5E-266 
 
Tb927.8.2070 -2.68 5.72 4.3E-245 2.8E-243 POMP39-1 
Tb927.4.4860 -2.69 6.30 1.4E-143 4.1E-142 AATP8 
Tb927.9.15930 -2.70 3.26 3.9E-27 2.2E-26 RAB1B 
Tb927.8.6760 -2.71 8.28 7.0E-295 5.8E-293 
 
Tb927.4.4020 -2.71 7.31 1.5E-214 7.5E-213 
 
Tb927.9.740 -2.73 5.18 1.2E-61 1.4E-60 
 
Tb927.5.630 -2.74 8.60 0.0E+00 0.0E+00 
 
Tb927.6.360 -2.76 4.65 3.0E-31 1.9E-30 
 
Tb927.10.14140 -2.76 10.07 0.0E+00 0.0E+00 PYK1 
Tb927.11.8440 -2.78 5.55 3.7E-168 1.3E-166 
 
Tb927.11.7550 -2.81 7.45 0.0E+00 0.0E+00 
 
Tb927.7.7530 -2.83 7.36 2.6E-222 1.4E-220 
 
Tb927.4.3630 -2.84 5.50 4.1E-172 1.5E-170 PP1-5 
Tb927.11.7750 -2.86 4.45 5.8E-134 1.5E-132 
 
Tb927.1.4650 -2.87 8.44 2.0E-95 3.6E-94 CFB2 
Tb927.10.6740 -2.88 6.15 1.5E-246 9.7E-245 
 
Tb927.6.560 -2.89 7.59 0.0E+00 0.0E+00 catB 
Tb927.7.2030 -2.89 4.37 7.5E-26 4.1E-25 
 
Tb927.4.180 -2.90 5.41 1.4E-93 2.4E-92 
 
Tb927.7.4260 -2.91 6.83 0.0E+00 0.0E+00 ESP13 
Tb927.10.6720 -2.92 6.82 8.4E-243 5.2E-241 
 




Tb927.2.1380 -2.95 5.48 5.1E-186 2.0E-184 
 
Tb927.5.4630 -2.96 3.90 3.6E-95 6.4E-94 
 
Tb927.5.293b -2.99 5.21 3.2E-81 4.8E-80 
 
Tb927.4.4580 -3.00 8.18 5.0E-227 2.8E-225 
 
Tb927.10.14160 -3.00 7.78 5.2E-276 3.9E-274 AQP3 
Tb927.8.4060 -3.01 5.44 1.8E-295 1.5E-293 
 
Tb927.11.9010 -3.04 4.60 3.3E-89 5.4E-88 
 
Tb927.10.7090 -3.05 8.57 6.5E-163 2.2E-161 AOX 
Tb927.2.6000 -3.07 7.68 6.8E-166 2.4E-164 GPI-PLC 
Tb927.5.4580 -3.07 4.94 2.6E-122 6.0E-121 
 
Tb927.7.470 -3.09 6.19 1.9E-208 9.0E-207 ESP14 
Tb927.8.2270 -3.13 4.65 1.1E-87 1.8E-86 POMP39-3 
Tb927.5.4590 -3.14 2.55 6.9E-32 4.4E-31 
 
Tb927.10.8460 -3.14 4.96 1.4E-105 2.7E-104 
 
Tb927.5.610 -3.17 7.44 0.0E+00 0.0E+00 
 
Tb05.5K5.210 -3.17 4.86 5.1E-155 1.6E-153 
 
Tb927.7.6490 -3.18 7.92 1.1E-257 7.8E-256 
 
Tb927.3.5790 -3.19 4.15 1.9E-67 2.3E-66 
 
Tb927.5.4570 -3.21 5.37 8.4E-185 3.3E-183 ESP8 
Tb927.9.13680 -3.21 4.61 1.0E-92 1.8E-91 ARF1 
Tb927.1.700 -3.21 8.02 7.6E-312 6.7E-310 PGKC 
Tb927.1.3320 -3.21 4.24 1.3E-80 1.9E-79 
 
Tb927.5.4010 -3.22 5.78 5.6E-231 3.2E-229 ESP4 
Tb927.5.310 -3.24 7.03 6.7E-224 3.7E-222 
 
Tb927.7.2650 -3.28 9.05 0.0E+00 0.0E+00 
 
Tb927.5.150 -3.30 6.56 1.7E-146 4.9E-145 
 
Tb05.5K5.240 -3.33 3.84 7.5E-58 8.0E-57 
 
Tb927.11.12120 -3.33 4.36 8.1E-74 1.1E-72 RBP9 
Tb927.3.5780 -3.33 3.15 4.6E-64 5.4E-63 
 
Tb927.5.309b -3.34 7.60 3.4E-288 2.7E-286 
 
Tb927.7.3260 -3.36 5.84 3.4E-119 7.7E-118 
 
Tb927.10.12800 -3.40 6.68 2.9E-112 6.0E-111 ZC3H38 
Tb927.4.3640 -3.45 3.93 4.5E-118 1.0E-116 PP1-4 
Tb927.2.2029 -3.45 4.79 2.0E-98 3.7E-97 
 
Tb927.5.4610 -3.46 5.85 1.0E-240 6.3E-239 
 
Tb927.7.180 -3.46 7.70 0.0E+00 0.0E+00 
 
Tb927.5.400 -3.47 3.13 5.5E-49 5.1E-48 ISG75 
Tb927.10.8480 -3.47 6.04 5.3E-211 2.6E-209 
 




Tb05.5K5.220 -3.52 3.60 7.5E-61 8.3E-60 
 
Tb927.7.7520 -3.53 7.33 9.5E-277 7.3E-275 
 
Tb927.5.4600 -3.59 1.98 3.1E-56 3.2E-55 
 
Tb927.10.1770 -3.60 5.27 9.5E-153 2.9E-151 
 
Tb927.11.2400 -3.60 5.54 5.2E-217 2.7E-215 
 
Tb927.11.3220 -3.62 6.57 0.0E+00 0.0E+00 mca1 
Tb927.11.9000 -3.64 5.61 2.2E-172 7.7E-171 
 
Tb927.1.1500 -3.65 3.51 8.6E-41 6.7E-40 
 
Tb927.11.17870 -3.69 6.66 1.5E-290 1.2E-288 
 
Tb927.10.9470 -3.70 5.52 2.0E-182 7.7E-181 
 
Tb927.9.15680 -3.74 3.63 2.1E-64 2.5E-63 
 
Tb927.2.2060 -3.85 4.66 2.2E-87 3.5E-86 
 
Tb927.10.14890 -3.86 9.74 0.0E+00 0.0E+00 TBKIFC1 
Tb927.10.9450 -4.09 7.34 0.0E+00 0.0E+00 
 
Tb05.5K5.270 -4.10 3.77 1.6E-59 1.8E-58 
 
Tb927.10.1780 -4.13 5.25 9.2E-188 3.7E-186 
 
Tb09.v4.0150 -4.14 5.50 7.4E-157 2.4E-155 
 
Tb927.6.540 -4.15 4.79 1.4E-200 6.4E-199 
 
Tb927.1.5070 -4.19 3.86 1.8E-40 1.4E-39 
 
Tb927.5.4620 -4.24 5.52 3.7E-201 1.7E-199 
 
Tb927.6.1310 -4.25 3.90 1.2E-104 2.2E-103 
 
Tb927.10.2440 -4.26 7.44 0.0E+00 0.0E+00 MCA4 
Tb927.2.6350 -4.28 2.95 3.3E-48 3.0E-47 
 
Tb927.4.1230 -4.31 7.68 0.0E+00 0.0E+00 
 
Tb927.8.7330 -4.55 2.59 5.7E-58 6.1E-57 
 
Tb927.3.5810 -4.67 3.88 2.7E-188 1.1E-186 
 
Tb927.10.9510 -4.69 4.27 5.0E-134 1.3E-132 
 
Tb927.3.600 -4.71 6.49 4.2E-243 2.6E-241 
 
Tb927.1.5080 -4.75 5.32 3.6E-297 3.1E-295 
 
Tb927.1.5060 -4.87 6.62 0.0E+00 0.0E+00 
 
Tb927.1.4850 -4.96 2.58 1.9E-55 2.0E-54 
 
Tb927.3.5670 -4.97 3.31 5.9E-78 8.5E-77 
 
Tb927.1.5090 -5.04 3.47 1.0E-106 2.0E-105 
 
Tb927.5.110 -5.28 4.70 7.7E-180 2.9E-178 
 
Tb927.7.3250 -5.35 5.55 5.2E-195 2.2E-193 
 
Tb927.1.4860 -5.42 2.84 9.7E-64 1.1E-62 
 
Tb927.1.5160 -5.46 3.78 2.8E-118 6.4E-117 
 
Tb927.2.6200 -5.48 3.40 1.2E-76 1.7E-75 TbNT3 




Tb927.1.4880 -5.51 4.11 2.0E-161 6.5E-160 
 
Tb927.3.5800 -5.64 2.85 1.5E-107 3.0E-106 
 
Tb927.9.7370 -5.78 5.22 2.1E-141 5.8E-140 
 
Tb927.10.5700 -5.79 1.93 3.0E-63 3.5E-62 ESP3 
Tb927.1.5150 -5.83 2.53 1.1E-62 1.2E-61 
 
Tb927.10.5680 -5.91 5.64 0.0E+00 0.0E+00 
 
Tb10.v4.0214 -5.91 3.64 3.0E-92 5.2E-91 
 
Tb927.3.520 -5.94 4.24 1.0E-146 2.9E-145 
 
Tb927.9.670 -5.95 2.96 4.9E-67 6.0E-66 
 
Tb927.3.5690 -5.95 4.19 1.1E-87 1.8E-86 
 
Tb927.2.3340 -6.08 4.70 2.5E-268 1.8E-266 
 
Tb927.11.4120 -6.16 4.17 1.1E-161 3.7E-160 
 
Tb927.2.6180 -6.21 5.84 6.9E-204 3.2E-202 
 
Tb927.10.9500 -6.23 5.29 8.4E-191 3.5E-189 
 
Tb927.10.9490 -6.29 4.88 6.3E-220 3.3E-218 
 
Tb927.10.5710 -6.35 4.97 0.0E+00 0.0E+00 
 
Tb927.2.200 -6.48 7.92 1.5E-218 7.9E-217 
 
Tb927.1.2040 -6.51 4.59 3.0E-295 2.5E-293 
 
Tb927.3.580 -6.51 6.22 2.4E-252 1.6E-250 
 
Tb927.6.350 -6.63 4.60 4.2E-98 7.5E-97 
 
Tb927.1.5200 -6.67 4.75 1.4E-217 7.1E-216 
 
Tb927.11.17890 -6.73 5.28 0.0E+00 0.0E+00 
 
Tb927.11.14600 -7.12 5.95 0.0E+00 0.0E+00 
 
Tb927.3.2590 -7.32 3.51 8.8E-103 1.6E-101 
 
Tb10.v4.0218 -7.33 4.50 6.6E-210 3.2E-208 
 
Tb927.10.5690 -7.38 5.94 0.0E+00 0.0E+00 
 
Tb927.9.7430 -7.38 4.17 3.3E-113 7.0E-112 
 
Tb927.11.4100 -7.53 5.47 0.0E+00 0.0E+00 
 
Tb927.2.3280 -7.55 5.48 1.1E-215 5.7E-214 
 
Tb927.3.1490 -7.57 3.96 7.8E-203 3.6E-201 
 
Tb927.1.4910 -7.57 5.31 3.2E-271 2.4E-269 
 
Tb927.1.4870 -7.60 3.87 2.3E-197 1.0E-195 
 
Tb09.v4.0065 -7.60 5.14 5.7E-163 1.9E-161 
 
Tb927.9.16880 -7.60 3.69 7.2E-51 6.9E-50 
 
Tb927.10.30 -7.64 3.85 1.4E-159 4.5E-158 
 
Tb927.11.17340 -7.68 1.80 4.8E-72 6.4E-71 
 
Tb927.2.6320 -7.69 4.79 1.2E-182 4.7E-181 TbNT6 
Tb927.2.3320 -7.73 6.90 0.0E+00 0.0E+00 
 




Tb11.0220 -7.77 1.48 2.5E-44 2.1E-43 
 
Tb10.v4.0216 -7.81 3.09 4.6E-67 5.7E-66 
 
Tb927.2.3290 -7.83 3.44 5.2E-77 7.4E-76 
 
Tb10.v4.0101 -7.88 2.48 4.8E-133 1.2E-131 
 
Tb927.11.4070 -7.97 2.87 1.0E-79 1.5E-78 
 
Tb927.11.14610 -7.98 5.80 0.0E+00 0.0E+00 
 
Tb927.2.3300 -7.98 3.61 1.3E-87 2.2E-86 
 
Tb927.1.5180 -8.00 3.33 4.0E-116 8.6E-115 
 
Tb927.9.660 -8.01 2.31 2.3E-78 3.3E-77 
 
Tb927.1.5120 -8.02 5.79 0.0E+00 0.0E+00 
 
Tb927.9.7340 -8.03 5.27 0.0E+00 0.0E+00 
 
Tb927.2.3270 -8.05 6.09 0.0E+00 0.0E+00 
 
Tb927.9.7350 -8.09 3.28 4.2E-75 5.8E-74 
 
Tb927.3.1500 -8.10 6.73 0.0E+00 0.0E+00 
 
Tb927.9.7380 -8.18 6.23 0.0E+00 0.0E+00 
 
Tb927.5.1440 -8.29 4.67 2.2E-182 8.4E-181 
 
Tb05.5K5.280 -8.46 3.53 1.7E-125 4.3E-124 
 
Tb927.11.14620 -8.68 7.43 0.0E+00 0.0E+00 
 
Tb927.1.4890 -8.82 6.23 0.0E+00 0.0E+00 
 
Tb927.3.560 -8.85 4.94 0.0E+00 0.0E+00 
 
Tb927.1.5110 -8.94 6.35 0.0E+00 0.0E+00 
 
Tb927.1.5100 -8.96 7.41 0.0E+00 0.0E+00 
 
Tb927.10.16280 -9.00 1.81 1.1E-85 1.7E-84 
 
Tb927.11.4060 -9.02 4.60 1.5E-253 9.9E-252 
 
Tb927.2.3310 -9.15 6.21 0.0E+00 0.0E+00 
 
Tb927.9.7290 -9.16 4.16 9.1E-147 2.6E-145 
 
Tb927.2.6220 -9.20 4.84 8.0E-236 4.7E-234 TbNT4 
Tb927.3.5820 -9.40 4.07 8.1E-214 4.0E-212 
 
Tb927.11.20150 -9.44 3.04 1.1E-92 1.9E-91 
 
Tb927.1.4900 -9.52 6.94 0.0E+00 0.0E+00 
 
Tb927.9.380 -9.56 0.79 1.2E-67 1.5E-66 
 
Tb05.5K5.420 -9.57 3.48 2.5E-113 5.3E-112 
 
Tb927.11.4110 -9.57 2.76 3.2E-84 5.0E-83 
 
Tb927.1.5240 -9.65 2.55 4.1E-69 5.2E-68 
 
Tb927.6.5230 -9.67 1.38 1.3E-63 1.5E-62 
 
Tb927.11.110 -9.73 3.06 2.6E-93 4.5E-92 
 
Tb927.11.19470 -9.81 1.61 7.0E-69 8.8E-68 
 
Tb05.5K5.500 -9.89 5.37 2.0E-195 8.5E-194 
 




Tb927.1.5170 -10.08 5.33 0.0E+00 0.0E+00 
 
Tb05.5K5.310 -10.08 2.90 1.4E-63 1.6E-62 
 
Tb11.01.6250 -10.09 6.31 0.0E+00 0.0E+00 
 
Tb08.27P2.160 -10.10 3.84 2.0E-155 6.1E-154 
 
Tb10.v4.0163 -10.11 1.41 2.0E-64 2.4E-63 
 
Tb927.3.2510.1 -10.13 1.93 7.4E-97 1.3E-95 
 
Tb927.5.5230 -10.22 1.81 5.6E-123 1.3E-121 
 
Tb927.9.7400 -10.24 2.98 1.6E-114 3.4E-113 
 
Tb927.1.20 -10.29 6.96 0.0E+00 0.0E+00 
 
Tb927.11.120 -10.30 3.76 8.7E-138 2.4E-136 
 
Tb927.11.17140 -10.65 1.77 1.7E-69 2.2E-68 
 
Tb927.6.5490 -10.67 4.53 3.9E-152 1.2E-150 
 
Tb11.1431 -10.71 1.90 9.0E-89 1.5E-87 
 
Tb927.3.1480 -10.71 3.73 1.5E-154 4.5E-153 
 
Tb927.5.1410 -10.95 5.30 0.0E+00 0.0E+00 ISG64 
Tb927.9.7320 -11.00 3.42 3.0E-160 9.7E-159 
 
Tb927.11.130 -11.12 3.83 1.9E-232 1.1E-230 
 
Tb927.9.7410 -11.29 3.72 2.3E-150 6.8E-149 
 
Tb927.5.1430 -11.32 5.17 0.0E+00 0.0E+00 ISG64 
Tb11.01.6240 -11.81 6.41 0.0E+00 0.0E+00 
 
Tb927.3.570 -11.93 5.75 0.0E+00 0.0E+00 
 
Tb11.1120 -12.24 3.55 8.2E-216 4.2E-214 
 
Tb927.11.19190 -12.40 3.47 4.9E-114 1.0E-112 
 
Tb09.v4.0039 -12.72 3.80 2.5E-129 6.3E-128 
 
Tb927.9.7330 -13.04 5.10 0.0E+00 0.0E+00 
 
Tb10.v4.0205 -13.29 6.21 3.9E-322 3.6E-320 
 
Tb927.5.1390 -13.36 5.76 0.0E+00 0.0E+00 ISG64 
Tb927.11.18480 -15.65 6.99 0.0E+00 0.0E+00 
 
Tb927.11.19460 -16.34 7.64 0.0E+00 0.0E+00 
 
Tb08.27P2.260 -19.06 10.54 0.0E+00 0.0E+00 
 
Tb11.1690 -22.12 13.57 0.0E+00 0.0E+00 
 
      




GeneID LogFC1 FDR2 LogFC1 p-Value3 
Gene Name or Symbol 
Tb927.10.13500 1.00 4.2E-70 1.63 3.7E-03 RPL10A 
Tb927.6.510 6.22 0.0E+00 8.47 6.0E-06 GPEET 
Tb927.7.5940 2.14 9.8E-103 2.81 6.1E-04 PAD2 
Tb927.9.5900 2.86 5.4E-138 4.21 2.3E-04 GDH 
214 
 
Tb927.10.15410 5.23 0.0E+00 6.63 1.5E-05 gMDH 
Tb927.10.10260 6.41 8.5E-318 9.31* 9.4E-06 EP1 
Tb927.7.210 2.65 5.4E-316 3.93 2.4E-04 PRODH 
Tb927.1.710 3.75 0.0E+00 4.98 1.3E-04 PGKB 
Tb927.3.3270 -2.09 6.8E-129 -1.74 2.8E-03 PFK 
Tb927.10.14140 -2.76 0.0E+00 -1.75 3.5E-03 PYK1 
Tb927.1.3830 -1.49 8.3E-93 -1.98 2.1E-03 PGI 
Tb927.1.700 -3.21 6.7E-310 -4.29 1.8E-04 PGKC 
Tb927.10.8230 -2.00 2.3E-174 -1.05 4.8E-02 PDI2 
Tb927.10.3990 -0.55 8.2E-08 -1.14 2.2E-02 DHH1 
Tb927.7.5930 -0.01 9.1E-01 0.60 1.5E-01 PAD1 
Tb927.10.2890 0.06 3.4E-01 -0.03 9.4E-01 ENO 
 
  Significantly upregulated 
  Significantly downregulated 
  Unregulated 
 
1LogFC, the log2-fold change value of transcripts from PF in very low glucose media compared to that of 
LS in glucose rich media. 2FDR, false discovery rate, calculated using the Benjamini-Hochberg method on 
p-values generated by likelihood ratio. 3p-value, calculated using two-sided Student’s t-test. *EP1 primer 




Supplementary Table A-2: A list of genes used in comparative gene expression analysis 
of essential metabolic pathways. 
  Gene ID Gene name Reaction 
Glycolysis 
Tb927.10.2010 HK1 Glucose -> G-6-P 
Tb927.10.2020 HK2 Glucose  -> G-6-P 
Tb927.3.3270 PFK F-6-P -> FBP 
Tb927.10.7090 AOX Gly-3-P -> DHAP 
Tb927.10.14140 PYK1 PEP -> Pyruvate 
Gluconeogenesis 
Tb927.9.8720 FBPase FBP -> F-6-P 
Tb927.2.4210 PEPCK Oxac -> PEP 
Tb927.10.15410 gMDH Malate -> Oxac 
Tb927.10.2560 mMDH Malate -> Oxac 
Tb927.11.11250 cMDH Malate -> Oxac 
Tb927.10.2550 null Malate -> Oxac 
Pentose Phosphate 
Pathway 




Tb927.9.12110 gnD 6-phosphogluconate -> ribulose 5-phosphate 
Tb927.10.12210 null ribulose 5-phosphate -> xylulose 5-phosphate 
Tb927.11.8970 null ribulose 5-phosphate -> ribose 5-phosphate 
Tb927.8.6170 TK 
xylulose 5-phosphate + ribose 5-phosphate -> 
glyceraldehyde 3-phosphate + sedoheptulose 
7-phosphate 
Tb927.8.5600 null 
glyceraldehyde 3-phosphate + sedoheptulose 
7-phosphate -> erythrose 4-phosphate + 
fructose 6-phosphate 
Tb927.8.6170 TK 





Tb927.3.4500 FHc Malate -> Fumarate 
Tb927.5.930 FRDg Fumarate -> Succinate 
Tb927.10.3650 FRDm1 Fumarate -> Succinate 
Tb927.5.940 null Fumarate -> Succinate 
Tb927.11.5440 MEc  Malate -> Pyruvate 
Tb927.10.12700 PDH E1α Pyruvate -> Acetyl-CoA 
Tb927.3.1790 PDH E1β Pyruvate -> Acetyl-CoA 
Tb927.10.7570 putative Pyruvate -> Acetyl-CoA 
Tb927.10.2350 PDH E3? Pyruvate -> Acetyl-CoA 
Tb927.3.4390 GCVL-1 Pyruvate -> Acetyl-CoA 
Tb927.11.16730 GCVL-2 Pyruvate -> Acetyl-CoA 
Tb927.4.5040 null Pyruvate -> Acetyl-CoA 
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Tb927.8.7380 null Pyruvate -> Acetyl-CoA 
Proline 
metabolism 
Tb927.7.210 PRODH Proline -> γSAG 
Tb927.7.2440 P5CDH Γsag -> GLU 
Tb927.9.5900 GDH GLU -> 2Ket 
Tb927.1.3950 ALAT GLU -> 2Ket 
Tb927.11.1450 null 2Ket -> SucCoA 
Tb927.11.9980 null 2Ket -> SucCoA 
Tb927.11.11680 null 2Ket -> SucCoA 
Tb927.3.2230 null SucCoA -> Succinate 
Tb927.10.7410 null SucCoA -> Succinate 
Tb927.8.6580 SDH1 Succinate -> Fumarate 
Tb927.6.4130 SDH3 Succinate -> Fumarate 
Tb927.8.5640 SDH6 Succinate -> Fumarate 
Tb927.6.2490 SDH7 Succinate -> Fumarate 
Tb927.7.3590 null Succinate -> Fumarate 
Tb927.9.5960 SDH2c Succinate -> Fumarate 
Tb927.6.2510 SDHAF2 Succinate -> Fumarate 
Tb927.10.3650 FRDm1 Fumarate -> Succinate 
Tb927.11.5050 FHm Fumarate -> Malate 
Tb927.11.5450 MEm  Malate -> Pyruvate 
Tb927.1.3950 ALAT Pyruvate -> Alanine 
Tb927.10.12700 PDH E1α Pyruvate -> Acetyl-CoA 
Tb927.3.1790 PDH E1β Pyruvate -> Acetyl-CoA 
Tb927.10.7570 putative Pyruvate -> Acetyl-CoA 
Tb927.10.2350 PDH E3? Pyruvate -> Acetyl-CoA 
Tb927.3.4390 GCVL-1 Pyruvate -> Acetyl-CoA 
Tb927.11.16730 GCVL-2 Pyruvate -> Acetyl-CoA 
Tb927.4.5040 null Pyruvate -> Acetyl-CoA 
Tb927.8.7380 null Pyruvate -> Acetyl-CoA 
Tb927.11.2690 ASCT 
Acetyl-CoA +Succinate -> ACETATE + 
SucCoA 
Tb927.3.4260 ACH Acetyl-CoA -> ACETATE 
Threonine 
metabolism 
Tb927.6.2790 null Threonine -> AOB 
Tb927.8.6060 null AOB -> Acetyl-CoA 
Electron 
Transport Chain 
Tb927.8.6580 SDH1 Succinate -> Fumarate 
Tb927.6.4130 SDH3 Succinate -> Fumarate 
Tb927.8.5640 SDH6 Succinate -> Fumarate 
Tb927.6.2490 SDH7 Succinate -> Fumarate 
Tb927.7.3590 null Succinate -> Fumarate 
Tb927.9.5960 SDH2c Succinate -> Fumarate 
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Tb927.6.2510 SDHAF2 Succinate -> Fumarate 
Tb927.11.1320 NDHK NADH -> NAD+ 
Tb927.7.6350 NDUFV2 NADH -> NAD+ 
Tb927.5.450 NUBM NADH -> NAD+ 
Tb927.9.15380 NDUFA9 NADH -> NAD+ 
Tb927.8.7430 null 
Ubiquinol + Oxidized c cytochrome -> 
Ubiquinone + Reduced c cytochrome 
Tb927.9.14160 RISP 
Ubiquinol + Oxidized c cytochrome -> 
Ubiquinone + Reduced c cytochrome 
Tb927.5.1060 null 
Ubiquinol + Oxidized c cytochrome -> 
Ubiquinone + Reduced c cytochrome 
Tb927.4.4990 null 
Ubiquinol + Oxidized c cytochrome -> 
Ubiquinone + Reduced c cytochrome 
Tb927.8.1890 CYC1   
Tb927.1.4100 COXIV O2 -> H2O 
Tb927.9.3170 COXV O2 -> H2O 
Tb927.10.280 COXVI O2 -> H2O 
Tb927.3.1410 COXVII O2 -> H2O 
Tb927.4.4620 COXVIII O2 -> H2O 
Tb927.10.8320 COXIX O2 -> H2O 
Tb927.11.13140 COXX O2 -> H2O 
Tb927.5.1710 P18 ADP -> ATP 
Tb927.7.7420 ATPF1A ADP -> ATP 
Tb927.7.7430 ATPF1A ADP -> ATP 
Tb927.3.1380 ATPB ADP -> ATP 
Tb927.10.180 ATPF1G ADP -> ATP 




Supplementary Table A-3: A complete list of DEG in SS incubated in very low glucose media 
compared to SS in glucose rich media and validation by qRT-PCR. 
GeneID logFC logCPM PValue FDR Gene Name 
Tb927.8.2864 2.20 4.05 2.4E-18 6.8E-17   
Tb927.6.1520 1.51 8.66 1.2E-94 9.8E-92 AQP1 
Tb927.11.12710 1.38 7.99 5.3E-97 4.7E-94   
Tb927.6.3480 1.34 8.12 5.4E-41 9.7E-39 DRBD5 
Tb927.10.11630 1.33 6.76 4.5E-41 8.5E-39   
Tb927.4.3320 1.23 7.25 4.7E-74 2.6E-71   
Tb927.7.5940 1.21 10.39 2.2E-79 1.5E-76 PAD2 
Tb927.5.297b 1.20 6.21 1.6E-54 5.4E-52   
Tb927.9.5900 1.19 8.12 1.8E-85 1.3E-82 GDH 
Tb927.10.8480 1.17 6.66 1.8E-34 2.1E-32 THT1.5 
Tb927.3.5080 1.09 9.51 4.2E-52 1.2E-49   
Tb927.2.3880 1.08 5.92 1.1E-20 3.8E-19 HNRNP H/F 
Tb09.v4.0015 1.06 5.75 1.6E-26 1.0E-24   
Tb927.10.1000 1.02 5.77 5.5E-25 2.9E-23   
Tb927.7.3250 -1.01 6.44 4.8E-28 3.4E-26   
Tb927.10.8230 -1.11 9.21 2.2E-100 2.2E-97 PDI2 
Tb927.3.570 -1.15 6.68 2.4E-59 1.1E-56   
Tb927.9.7410 -1.20 4.19 3.3E-16 7.5E-15   
Tb927.1.2040 -1.29 5.22 1.3E-54 4.5E-52   
Tb927.9.7330 -1.76 5.70 2.4E-78 1.5E-75   
Tb08.27P2.160 -1.78 5.01 4.1E-34 4.7E-32   
Tb05.5K5.420 -1.87 4.52 1.6E-20 5.5E-19   
Tb927.11.19470 -1.92 3.26 1.3E-23 6.1E-22   
Tb05.5K5.310 -1.98 3.29 1.3E-13 2.2E-12   
Tb11.1431 -2.05 3.70 4.2E-24 2.0E-22   
Tb11.0220 -2.26 2.95 4.7E-18 1.3E-16   
Tb927.11.20150 -2.26 4.33 2.3E-36 2.9E-34   
Tb927.5.5230 -2.31 3.32 3.9E-55 1.4E-52   
Tb05.5K5.500 -2.32 6.69 7.0E-131 1.5E-127   
Tb927.6.540 -2.34 5.07 4.9E-145 2.2E-141   
Tb927.3.2510.1 -2.43 2.69 1.8E-26 1.1E-24   
Tb927.1.20 -2.46 7.64 4.0E-213 3.5E-209 
 
Tb10.v4.0101 -2.67 3.36 1.1E-56 4.1E-54   
Tb927.6.5490 -2.68 5.20 9.9E-116 1.4E-112   
Tb927.9.380 -2.78 2.44 3.1E-28 2.3E-26   
      
      




GeneID LogFC1 FDR2 LogFC1 p-Value3 




Tb927.7.5940 1.21 1.5E-76 1.48 1.0E-02 PAD2 
Tb927.9.5900 1.19 1.3E-82 1.73 8.5E-03 GDH 
Tb927.6.1520 1.51 9.8E-92 2.01 9.0E-05 AQP1 
Tb927.6.3480 1.34 9.7E-39 1.57 1.7E-03 DRBD5 
Tb927.2.3880 1.08 3.8E-19 1.38 6.2E-03 HNRNP H/F 
Tb927.10.8230 -1.11 2.2E-97 -0.82 5.5E-02 PDI2 
Tb927.1.20 -2.46 3.5E-209 -1.66 1.9E-03 ESAG3 
Tb927.6.510 0.94 4.7E-14 1.40 1.8E-02 GPEET 
Tb927.10.10260 0.86 1.2E-47 0.35* 2.1E-01 EP1 
Tb927.7.210 0.57 9.7E-24 0.29 1.2E-01 RPODH 
Tb927.10.14140 -0.50 3.4E-18 -0.91 5.1E-03 PYK1 
Tb927.10.3990 -0.33 3.6E-07 -0.32 1.8E-02 DHH1 
Tb927.10.2890 -0.24 2.1E-05 -0.46 5.0E-02 ENO 
 
  Significantly upregulated 
  Significantly downregulated 
  Unregulated 
 
1LogFC, the log2-fold change value of transcripts from PF in very low glucose media compared to that of 
LS in glucose rich media. 2FDR, false discovery rate, calculated using the Benjamini-Hochberg method on 
p-values generated by likelihood ratio. 3p-value, calculated using two-sided Student’s t-test. *EP1 primer 




Supplementary Table A-4: A complete list of qRT-PCR primers used in this study. 
GeneID Gene ID F.primer R.primer 
Tb927.10.13500 RPL10A TACTAAGGCATGTGGTGCGT AAATTGAGGCTTCTCTCCGA 
Tb927.6.510 GPEET GGCTAGCAACGTTATCGTGA TTCTTCTGGTCCGGTCTCTT 
Tb927.7.5940 PAD2 GGTCTCGCCTTCCCAGCATT TCAGCGTTATCGTCGCAGGT 
Tb927.9.5900 GDH CGCTTCCACGAATCAGTTGT ATGTAGTAGGAGCGGTCTGC 
Tb927.10.15410 gMDH AGAACAAACTCCTGGGCGTA GCGAGCGTTGTTGATGAAAC 
Tb927.10.10260 EP1 GAAGGACCAGAAGACAAGGG AGGTTCAGGCTCAACTTCGT 
Tb927.7.210 RPODH GTTCTTGACTATGCCGCTGA TTGCTTGTGAGGCAGATAGG 
Tb927.1.710 PGKB TCCAGCCGTCCAAAAAGTTC GCCTTCAGCCATAGAAACGC 
Tb927.10.5620 ALD ACTGACCTTTTCATACGCCC ACACCAGATTCCTTTCCACC 
Tb927.3.3270 PFK CATCCGTTCCATCACCCTTAC GGTGGATGTTGGTGACTCTTC 
Tb927.10.14140 PYK1 TTCCGGTGAAACGGCCAAAG ACATAACAGTATCGTGCGTTGCG 
Tb927.1.3830 PGI GGCCGACCAAGCAACACTTT GGCACCCTGAACGAGAACCT 
Tb927.1.700 PGKC GCGTTGCAGTATTGGACGAA GAGAGCTCCACCGGTTAGAA 
Tb927.10.3990 DHH1 AGTGAAGCAGTCTCCATACAAG CTTTCAAACCTTCCCTCCAATC 
Tb927.7.5930 PAD1 GCGAACGTGGACCAAAGGAA ACTTTCTCCTGTCGTCGCTAACA 
Tb927.10.2890 ENO AAGTTCACGGTCGCGAAGTC ACCGGAACACACCCCTCTCT 
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Supplementary Figure A-1: Supplementary Figure A-1: Monomorphic BF do not differentiate to SS 
in RPMIθ. In triplicate, monomorphic BF 427 parasites were washed, resuspended in RPMIθ, 
supplemented with or without glucose or glycerol (5 mM) and cultured for two days. Parasites were then 
collected, washed, and resuspended in RPMIθ supplemented with glucose (filled circles) or in PF media 
lacking glucose (SDM79θ, ~5 μM glucose) supplemented with or without additional glucose (open 
symbols). 
Supplementary Figure A-2  Alternative sugar analogs do not support growth of glycolysis-dependent 
LS parasites. LS parasites (3 x 104/mL) were extensively washed and resuspended in very low glucose 
media, RPMIθ, supplemented with the indicated compounds (xyl, xylose; 6-DOG, 6-deoxyglucose) at 5 





Supplementary Figure A-3: Outgrowth of SS parasites seeded in different concentrations of glucose. 
SS parasites were washed extensively and resuspended in RPMIθ supplemented with varied glucose (5 μM 
- 5 mM) for two days prior to transfer to SDM79θ and growth monitored. 
 
Supplementary Figure A-4 Long-term growth of pleomorphic PF parasites differentiated by glucose 
depletion (-glc) or addition of 6 mM citrate (cit) in the presence or absence of glucose (5 mM). Growth 
assays were conducted using cells that were harvested seven days after differentiation. For cells that 






SUPPORTING MATERAIAL FOR CHAPTER THREE 
 
Supplementary Table B-1: A complete list of differentially expressed genes in BF cells treated in 
glucose depleted media RPMIθ (~5μM glucose) for 12 hours compared to BF incubated in RPMIθ 
supplemented 5 mM glucose. 
GeneID logFC logCPM PValue FDR 
Tb927.3.2560 7.42 -0.52 2.1E-18 9.4E-18 
Tb927_08_v4.snoRNA.0012 6.43 -1.00 2.1E-10 5.6E-10 
Tb927.8.2864 6.22 5.84 9.2E-231 4.7E-228 
Tb927.9.7850 5.67 -0.17 4.5E-18 2.0E-17 
Tb927.7.1960 5.17 1.97 1.2E-53 2.0E-52 
Tb927.7.3480 4.93 -0.85 6.2E-11 1.7E-10 
Tb927.10.13060 4.84 -0.67 1.6E-10 4.5E-10 
Tb927.3.2540 4.79 1.78 4.5E-43 5.6E-42 
Tb927.7.1990 4.76 2.57 2.2E-67 5.4E-66 
Tb927.7.2000 4.73 2.51 2.0E-79 6.5E-78 
Tb927.7.2020 4.65 2.01 1.4E-51 2.3E-50 
Tb927.7.1980 4.62 0.97 8.7E-36 8.4E-35 
Tb927.11.17880 4.59 0.01 1.1E-19 5.1E-19 
Tb927.3.2580 4.49 1.82 2.2E-25 1.4E-24 
Tb927.7.2010 4.26 2.47 4.2E-72 1.1E-70 
Tb927.7.3830 4.23 9.84 0.0E+00 0.0E+00 
Tb927.10.7660 4.21 -0.62 1.3E-10 3.6E-10 
Tb11.v5.0353 4.18 5.63 3.8E-180 9.2E-178 
Tb11.v5.0493 4.18 9.32 1.7E-279 3.2E-276 
Tb927_08_v4.snoRNA.0033 4.04 -0.56 1.5E-11 4.5E-11 
Tb927.11.12710 3.89 4.82 1.5E-246 9.9E-244 
Tb927.7.5960 3.85 8.67 2.9E-187 7.2E-185 
Tb927.3.2570 3.80 -0.32 8.4E-15 3.0E-14 
Tb927.9.680 3.77 5.31 5.5E-158 8.0E-156 
Tb927.5.3990 3.74 1.97 2.9E-41 3.5E-40 
Tb927_08_v4.snoRNA.0013 3.67 2.12 1.6E-57 3.1E-56 
Tb927.1.50 3.66 0.04 8.5E-13 2.7E-12 
Tb927.1.3480 3.62 0.65 7.3E-06 1.4E-05 
Tb927.7.6490 3.61 8.27 0.0E+00 0.0E+00 
Tb927.10.1760 3.60 1.59 2.7E-27 1.8E-26 
Tb09.v4.0116 3.57 0.83 2.5E-21 1.3E-20 
Tb927.5.170 3.54 2.14 3.8E-27 2.6E-26 
Tb927.7.5980 3.52 7.05 2.3E-100 1.2E-98 
Tb927.9.7350 3.51 0.12 7.3E-15 2.7E-14 
224 
 
Tb927.7.5940 3.50 8.58 2.0E-191 5.3E-189 
Tb927.10.15700 3.48 10.98 1.4E-107 8.4E-106 
Tb927.11.1280 3.48 8.89 1.3E-72 3.7E-71 
Tb927.9.7900 3.48 -0.58 8.7E-10 2.3E-09 
Tb927.7.6000 3.47 8.12 1.5E-200 4.7E-198 
Tb927.7.1950 3.47 0.85 1.8E-19 8.7E-19 
Tb927.3.3438 3.42 0.89 9.6E-22 5.1E-21 
Tb927.3.5080 3.41 9.52 4.4E-177 9.8E-175 
Tb927.10.20 3.40 -0.34 7.9E-11 2.2E-10 
Tb927.9.7960 3.39 3.91 3.4E-77 1.0E-75 
Tb927.4.3490 3.38 1.52 3.5E-09 8.8E-09 
Tb927.3.1510 3.38 4.32 2.0E-146 2.4E-144 
Tb927.3.1500 3.38 6.11 6.8E-254 6.0E-251 
Tb927.7.2040 3.37 4.89 1.9E-96 9.1E-95 
Tb927.7.5780 3.35 5.40 9.6E-67 2.3E-65 
Tb927.9.7880 3.33 0.89 1.8E-24 1.1E-23 
Tb09.v4.0115 3.32 0.33 8.4E-14 2.8E-13 
Tb927.3.2550 3.32 0.24 1.3E-17 5.4E-17 
Tb927.2.5384 3.30 2.04 3.1E-28 2.2E-27 
Tb927.7.6560 3.30 7.15 1.0E-273 1.4E-270 
Tb927_08_v4.snoRNA.0031 3.28 -0.25 1.2E-12 3.8E-12 
Tb11.v5.0476 3.27 5.89 4.5E-162 7.2E-160 
Tb927.7.2030 3.27 4.55 1.5E-79 4.9E-78 
Tb927.11.4080 3.26 5.97 3.3E-191 8.5E-189 
Tb927.1.4610 3.24 1.38 3.5E-14 1.2E-13 
Tb927.8.7320 3.21 5.67 1.3E-112 8.7E-111 
Tb927.10.12850 3.21 10.79 8.3E-245 5.0E-242 
Tb927.9.770 3.19 1.98 2.0E-37 2.1E-36 
Tb927.10.3220 3.19 5.60 1.1E-109 6.5E-108 
Tb927.8.7300 3.18 4.47 2.6E-90 1.1E-88 
Tb927.11.1470 3.16 7.79 3.4E-224 1.6E-221 
Tb927.10.11770 3.16 7.92 1.2E-198 3.5E-196 
Tb927.3.2520 3.15 0.28 2.8E-14 9.7E-14 
Tb927_08_v4.snoRNA.0032 3.15 2.30 8.0E-49 1.2E-47 
Tb927.8.3380 3.14 8.25 6.1E-180 1.4E-177 
Tb927.2.1550 3.12 4.45 9.0E-36 8.6E-35 
Tb927.9.16350 3.11 -0.14 1.5E-08 3.6E-08 
Tb09.v4.0113 3.10 0.47 3.0E-14 1.0E-13 
Tb927.3.5690 3.09 3.97 8.8E-62 1.9E-60 
Tb10.v4.0214 3.09 2.84 8.1E-52 1.3E-50 
Tb927.7.4130 3.07 7.25 3.1E-103 1.7E-101 
Tb927.1.580 3.06 7.51 6.3E-258 6.8E-255 
Tb927.6.1100 3.05 6.88 2.2E-201 7.0E-199 
Tb927.1.3360 3.04 -0.64 5.6E-07 1.2E-06 
Tb927.1.2160 3.04 5.06 2.4E-66 5.6E-65 
Tb927.9.7410 3.01 4.14 2.2E-88 8.9E-87 
225 
 
Tb927.6.1330 3.01 0.10 1.1E-12 3.3E-12 
Tb927.8.1650 3.00 5.97 1.7E-207 6.3E-205 
Tb927.3.2930 2.99 4.76 4.2E-95 2.0E-93 
Tb927.10.280 2.98 7.72 1.5E-223 6.9E-221 
Tb927.9.7860 2.96 0.29 2.9E-15 1.1E-14 
Tb927.1.4630 2.95 5.01 1.5E-99 7.3E-98 
Tb927.11.12700 2.95 6.09 1.5E-247 1.1E-244 
Tb927.10.13700 2.94 5.77 5.3E-193 1.5E-190 
Tb927.9.7380 2.91 5.64 1.2E-172 2.6E-170 
Tb927.7.6570 2.91 6.57 2.0E-279 3.2E-276 
Tb927.3.4500 2.90 8.07 2.7E-139 2.8E-137 
Tb927.10.12780 2.89 3.80 3.8E-25 2.3E-24 
Tb927.9.10290 2.88 2.35 3.0E-29 2.2E-28 
Tb927.9.7430 2.88 2.92 1.3E-35 1.3E-34 
Tb927.3.5740 2.88 1.24 2.5E-18 1.1E-17 
Tb927.9.4840 2.88 -0.35 5.1E-07 1.1E-06 
Tb927.9.7340 2.87 1.70 9.4E-28 6.4E-27 
Tb927.8.6340 2.87 5.46 2.5E-75 7.3E-74 
Tb927.4.1000 2.86 7.96 1.5E-98 7.5E-97 
Tb927.9.10280 2.86 3.22 4.0E-31 3.2E-30 
Tb927.11.10810 2.86 7.95 1.1E-114 7.5E-113 
Tb927.1.4540 2.85 5.48 3.7E-141 4.1E-139 
Tb11.v5.0336 2.84 0.83 1.2E-18 5.7E-18 
Tb11.v5.0629 2.83 6.62 6.7E-155 9.3E-153 
Tb927.9.9350 2.83 4.96 1.1E-63 2.5E-62 
Tb927.9.9370 2.83 4.00 7.9E-49 1.2E-47 
Tb927.10.12770 2.82 3.54 3.9E-37 3.9E-36 
Tb927.8.7640 2.81 7.37 8.9E-150 1.2E-147 
Tb927.1.4600 2.81 5.26 7.2E-67 1.7E-65 
Tb927.6.3240 2.81 7.01 7.5E-149 9.8E-147 
Tb927.6.3480 2.80 7.51 4.1E-68 1.0E-66 
Tb927.7.5370 2.80 8.39 1.1E-250 8.1E-248 
Tb11.v5.0705 2.79 9.71 1.4E-113 9.6E-112 
Tb927.11.8470 2.78 4.20 7.2E-55 1.3E-53 
Tb927.3.580 2.77 6.11 1.2E-219 5.3E-217 
Tb927.3.3429 2.76 0.31 2.0E-11 5.8E-11 
Tb927.10.11630 2.76 5.92 3.1E-81 1.0E-79 
Tb927.9.15730 2.73 1.09 1.1E-16 4.5E-16 
Tb11.v5.0714 2.73 5.95 1.4E-56 2.6E-55 
tmp.1.100 2.72 5.74 8.3E-22 4.4E-21 
Tb927.8.7610 2.71 8.73 9.8E-133 9.3E-131 
Tb927.9.9320 2.71 8.39 5.5E-211 2.3E-208 
Tb927.9.9360 2.71 1.31 2.2E-19 1.1E-18 
Tb927.8.4490 2.70 5.98 1.2E-110 7.9E-109 
Tb927.1.4560 2.69 3.88 1.5E-40 1.8E-39 
Tb927.8.8300 2.69 7.02 2.2E-67 5.4E-66 
226 
 
Tb927.9.15790 2.67 0.03 4.7E-10 1.3E-09 
Tb927_06_v4.snoRNA.0041 2.67 1.33 2.7E-21 1.4E-20 
Tb927.1.1460 2.66 1.61 2.2E-22 1.2E-21 
Tb927.8.7630 2.66 5.56 9.5E-135 9.2E-133 
Tb927.7.6580 2.65 7.41 4.2E-88 1.7E-86 
Tb927.9.15530 2.65 6.29 7.7E-132 7.2E-130 
Tb927.10.9450 2.64 7.85 1.8E-234 9.5E-232 
Tb927.8.6450 2.64 9.51 8.5E-149 1.1E-146 
Tb927_08_v4.snoRNA.0015 2.64 0.48 2.3E-14 8.0E-14 
Tb927.3.2220 2.64 7.21 2.5E-167 4.6E-165 
Tb927.6.3490 2.63 6.77 1.9E-86 7.0E-85 
Tb927.10.11860 2.63 6.86 3.4E-298 1.1E-294 
Tb927.11.18660 2.63 0.83 7.7E-19 3.5E-18 
Tb927.11.17870 2.63 6.50 3.2E-171 6.3E-169 
Tb09.v4.0129 2.61 -0.45 1.6E-02 2.3E-02 
Tb11.v5.0699 2.61 0.76 7.3E-17 3.0E-16 
Tb09.v4.0011 2.60 0.61 1.6E-14 5.7E-14 
Tb927.7.1970 2.60 -0.13 2.8E-10 7.5E-10 
Tb927.1.4620 2.60 1.83 1.7E-26 1.1E-25 
Tb927.7.6590 2.60 7.33 9.8E-69 2.5E-67 
Tb927.10.12280 2.57 -0.15 2.9E-07 6.4E-07 
Tb927.11.15590 2.56 6.41 2.2E-207 8.0E-205 
Tb927.10.2970 2.56 7.02 1.0E-190 2.7E-188 
Tb11.v5.0377 2.56 6.37 2.5E-80 8.3E-79 
Tb927.11.5720 2.55 7.44 4.6E-172 9.3E-170 
Tb927.7.5950 2.55 6.61 8.2E-130 7.2E-128 
Tb927.9.7390 2.55 1.17 8.1E-18 3.5E-17 
Tb927.1.2170 2.55 -0.21 7.8E-08 1.8E-07 
Tb927.1.4640 2.55 2.59 2.2E-23 1.3E-22 
Tb11.v5.0762 2.54 6.82 3.3E-101 1.7E-99 
Tb927.2.1452 2.54 3.54 2.9E-37 3.0E-36 
Tb927.11.2410 2.53 8.04 2.1E-93 9.6E-92 
Tb927.2.1931 2.53 10.20 6.8E-55 1.2E-53 
Tb927.10.12760 2.52 5.43 1.2E-22 6.6E-22 
Tb927.7.6881 2.52 10.07 1.2E-55 2.2E-54 
Tb09.v4.0150 2.52 5.55 4.0E-124 3.3E-122 
Tb927.7.1930 2.52 5.01 7.1E-95 3.3E-93 
Tb927.9.9090 2.52 7.09 1.9E-265 2.3E-262 
Tb927.1.4550 2.51 5.15 7.6E-88 3.0E-86 
Tb927_06_v4.snoRNA.0040 2.51 2.12 2.0E-27 1.3E-26 
Tb927.6.5010 2.51 7.88 8.2E-144 9.5E-142 
Tb927.9.15550 2.51 4.19 8.2E-77 2.5E-75 
Tb927.7.5380 2.49 4.26 1.2E-27 8.2E-27 
Tb11.1000 2.48 2.59 2.4E-20 1.2E-19 
Tb927.11.18670 2.48 2.75 1.9E-24 1.2E-23 
Tb11.v5.0157 2.48 6.90 8.2E-241 4.7E-238 
227 
 
Tb927_08_v4.snoRNA.0011 2.47 2.24 2.2E-12 6.9E-12 
Tb927.5.3620 2.47 6.54 3.3E-54 5.7E-53 
Tb927.11.16200 2.47 8.51 4.1E-47 5.7E-46 
Tb927.7.180 2.47 7.96 2.4E-165 4.2E-163 
Tb927.7.5930 2.46 8.03 1.1E-155 1.5E-153 
Tb927.6.1520 2.46 7.89 1.2E-115 8.6E-114 
Tb927.1.1740 2.46 8.25 4.2E-52 6.9E-51 
Tb927.6.1350 2.45 2.21 1.1E-23 6.4E-23 
Tb927.5.1640 2.45 7.28 1.2E-257 1.2E-254 
Tb09.v4.0012 2.45 0.75 4.2E-14 1.4E-13 
Tb927.11.4900 2.45 8.33 6.0E-171 1.2E-168 
Tb927.1.4580 2.44 2.30 9.7E-21 4.9E-20 
Tb927.8.6890 2.43 6.36 4.5E-147 5.7E-145 
Tb10.v4.0217 2.43 5.72 7.0E-143 7.9E-141 
Tb927.3.5310 2.43 7.70 1.5E-72 4.1E-71 
Tb927.1.2150 2.42 5.67 7.3E-73 2.0E-71 
Tb927.6.350 2.42 5.49 1.0E-117 7.7E-116 
Tb927.6.1310 2.41 3.44 3.2E-56 5.9E-55 
Tb927.10.12730 2.41 5.39 1.7E-68 4.4E-67 
Tb927.1.2940 2.41 -0.32 3.2E-02 4.3E-02 
Tb11.v5.0378 2.40 7.08 2.7E-67 6.6E-66 
Tb927.10.11080 2.39 9.29 1.9E-82 6.4E-81 
Tb927.7.4740 2.39 7.00 2.0E-160 3.1E-158 
Tb927.8.5920 2.39 0.50 1.5E-03 2.3E-03 
Tb927.4.3510 2.38 3.91 6.1E-29 4.4E-28 
Tb927.7.6960 2.38 7.26 5.3E-150 7.2E-148 
Tb927.3.3447 2.37 4.96 6.4E-27 4.2E-26 
Tb927.9.7470 2.37 7.42 4.2E-53 7.1E-52 
Tb927.10.12740 2.37 7.27 5.0E-105 2.8E-103 
Tb927.7.4690 2.37 8.55 3.9E-159 5.9E-157 
Tb11.1010 2.36 0.60 5.0E-14 1.7E-13 
Tb11.15.0008 2.35 0.92 9.4E-17 3.8E-16 
Tb927.4.5060 2.34 6.02 1.6E-44 2.1E-43 
Tb927.9.12840 2.34 4.02 2.1E-52 3.4E-51 
Tb927.2.6310 2.33 1.79 4.6E-17 1.9E-16 
Tb927.9.7460 2.33 3.59 5.8E-26 3.7E-25 
Tb927.5.1970 2.33 6.50 4.0E-62 8.7E-61 
Tb927_09_v4.snoRNA.0108 2.32 0.77 3.0E-12 9.3E-12 
Tb927.11.20060 2.32 2.69 6.8E-09 1.7E-08 
Tb11.1120 2.32 0.04 9.1E-03 1.3E-02 
Tb927.8.7780 2.32 7.32 3.2E-169 6.1E-167 
Tb927.7.4580 2.31 7.21 2.3E-149 3.0E-147 
Tb11.v5.0510 2.31 3.20 1.4E-09 3.7E-09 
Tb11.0330 2.31 6.67 2.8E-288 6.8E-285 
Tb927.5.290 2.30 3.47 2.3E-28 1.6E-27 
Tb927.9.12830 2.30 6.78 1.1E-111 7.5E-110 
228 
 
Tb927.1.4570 2.30 0.13 1.8E-09 4.5E-09 
Tb927.4.4580 2.30 8.37 1.3E-110 8.1E-109 
Tb11.v5.0891 2.28 0.39 6.3E-11 1.8E-10 
Tb927.1.4590 2.28 0.00 1.8E-07 4.0E-07 
Tb11.v5.0211 2.28 4.06 1.2E-39 1.3E-38 
Tb927.10.3060 2.28 0.47 1.8E-03 2.8E-03 
Tb927.8.7820 2.27 3.01 2.2E-24 1.3E-23 
Tb09_snoRNA_0005 2.27 2.68 1.2E-40 1.4E-39 
Tb927.3.3930 2.27 6.09 7.2E-58 1.4E-56 
Tb927.9.16370 2.26 0.12 1.1E-08 2.6E-08 
Tb927.8.1210 2.26 9.27 6.2E-176 1.3E-173 
Tb927.5.293b 2.26 5.09 3.3E-87 1.3E-85 
Tb09.v4.0060 2.26 6.16 4.2E-80 1.4E-78 
Tb11.v5.0419 2.26 3.87 5.5E-33 4.8E-32 
Tb10_snoRNA_0041:snoRNA 2.25 0.24 3.2E-06 6.5E-06 
Tb927.10.5160 2.25 3.10 1.8E-25 1.1E-24 
Tb927.1.2640 2.25 5.90 1.8E-73 5.1E-72 
Tb09.v4.0114 2.24 0.81 3.5E-10 9.4E-10 
Tb927.9.2520 2.24 6.39 2.1E-26 1.4E-25 
Tb927.1.3320 2.24 4.31 3.8E-49 5.7E-48 
Tb927.6.690 2.23 4.29 3.5E-32 2.9E-31 
Tb927.1.5070 2.23 4.13 2.0E-39 2.2E-38 
Tb927_10_v4.snoRNA.0063:snoRNA 2.23 0.18 1.4E-07 3.2E-07 
Tb927.1.2880 2.22 7.64 1.9E-179 4.5E-177 
Tb927.3.3421 2.22 3.21 2.4E-18 1.1E-17 
Tb927.2.6230 2.22 2.00 1.3E-19 6.0E-19 
Tb927.11.5790 2.22 6.78 1.6E-138 1.6E-136 
Tb927.8.7620 2.22 5.38 2.3E-93 1.0E-91 
Tb927.11.10660 2.21 9.49 1.7E-68 4.2E-67 
Tb927.8.990 2.21 8.87 4.2E-121 3.2E-119 
Tb927.11.16430 2.21 7.10 3.0E-94 1.4E-92 
Tb927.11.5050 2.20 7.52 6.0E-204 2.0E-201 
Tb927.10.10270 2.19 3.86 7.3E-47 1.0E-45 
Tb927.1.2850 2.19 4.37 9.8E-56 1.8E-54 
Tb927.8.6630 2.19 6.14 4.3E-66 1.0E-64 
Tb927.6.450 2.18 7.07 1.9E-25 1.2E-24 
Tb927.9.15610 2.18 5.04 2.5E-61 5.2E-60 
Tb927.7.3520 2.18 7.08 2.6E-138 2.7E-136 
Tb927.10.13400 2.18 6.94 5.1E-41 6.0E-40 
Tb927.7.400 2.18 3.86 1.1E-35 1.0E-34 
Tb927.5.287b 2.18 5.25 1.2E-31 9.9E-31 
Tb927.10.2400 2.17 4.38 3.8E-65 8.8E-64 
Tb927.9.15560 2.17 3.82 8.3E-24 4.9E-23 
Tb927.6.1390 2.17 2.52 1.9E-23 1.1E-22 
Tb927.6.230 2.17 1.78 1.2E-19 5.6E-19 
Tb927.7.3240 2.17 6.08 7.6E-140 8.1E-138 
229 
 
Tb927.11.1960 2.17 6.63 3.5E-178 7.8E-176 
Tb927.7.2660 2.17 9.11 6.0E-59 1.2E-57 
Tb927.11.14840 2.16 8.39 2.0E-121 1.6E-119 
Tb927.3.600 2.16 5.99 9.7E-96 4.6E-94 
Tb927.10.14730 2.16 7.44 3.8E-136 3.7E-134 
Tb927.6.660 2.16 7.67 4.2E-175 9.0E-173 
Tb927.9.15600 2.16 5.00 3.0E-42 3.6E-41 
Tb927.8.7660 2.15 5.50 7.1E-102 3.7E-100 
Tb09.v4.0118 2.15 -0.43 3.4E-05 6.2E-05 
Tb927.9.15630 2.15 5.93 5.2E-70 1.3E-68 
Tb11.v5.0418 2.14 4.42 1.7E-32 1.4E-31 
Tb927.10.15690 2.14 5.76 1.5E-117 1.1E-115 
Tb11.v5.1062 2.14 7.19 1.4E-140 1.5E-138 
Tb927.9.7320 2.14 3.02 9.6E-38 1.0E-36 
Tb927.11.18160 2.14 -0.55 3.5E-06 7.0E-06 
Tb927.7.420 2.14 3.13 6.7E-36 6.5E-35 
Tb927.10.9080 2.13 9.01 7.9E-95 3.7E-93 
Tb11.v5.0344 2.13 6.57 1.5E-109 9.0E-108 
Tb927.11.1480 2.13 7.66 1.4E-128 1.2E-126 
Tb927.4.1470 2.12 5.44 1.9E-46 2.7E-45 
Tb927_10_v4.snoRNA.0055:snoRNA 2.12 0.35 3.5E-07 7.6E-07 
Tb927.5.2480 2.12 5.07 3.5E-46 4.8E-45 
Tb927.1.2820 2.11 7.34 1.5E-134 1.5E-132 
Tb927.3.2500 2.11 0.34 6.7E-09 1.7E-08 
Tb927.11.4060 2.10 3.70 6.5E-37 6.5E-36 
Tb11.v5.1016 2.10 6.48 4.8E-110 3.0E-108 
Tb927.1.3460 2.10 1.74 1.6E-14 5.6E-14 
Tb927.7.5990 2.09 5.10 1.1E-53 1.9E-52 
Tb927.8.6650 2.09 5.03 9.2E-30 6.9E-29 
Tb11.v5.0513 2.09 3.48 1.5E-16 6.0E-16 
Tb927.9.690 2.09 4.37 1.3E-47 1.8E-46 
Tb927.10.7860 2.08 7.53 6.4E-143 7.3E-141 
Tb927.3.2590 2.08 3.23 1.7E-28 1.2E-27 
Tb927.1.2650 2.08 3.86 7.0E-45 9.3E-44 
Tb927.4.4000 2.08 1.39 1.0E-11 3.1E-11 
Tb927.6.5020 2.07 5.48 1.7E-52 2.8E-51 
Tb927.6.220 2.07 4.73 1.2E-42 1.5E-41 
Tb927.10.490 2.07 1.64 2.4E-11 7.1E-11 
Tb927.7.4270 2.06 6.56 7.7E-130 6.8E-128 
Tb927.9.7440 2.05 3.01 5.6E-14 1.9E-13 
Tb927.6.3140 2.05 6.41 1.9E-109 1.1E-107 
Tb927.2.3300 2.05 3.75 3.7E-56 6.8E-55 
Tb927.9.2820 2.05 6.73 5.8E-92 2.5E-90 
Tb927_10_v4.snoRNA.0037:snoRNA 2.04 0.53 1.5E-07 3.3E-07 
Tb927.8.3820 2.04 8.32 3.9E-97 1.9E-95 
Tb927.10.14270 2.04 5.07 2.6E-34 2.4E-33 
230 
 
Tb927.9.15760 2.04 1.60 9.9E-14 3.4E-13 
Tb927.10.13420 2.04 5.11 1.7E-82 5.8E-81 
Tb927.2.6180 2.03 6.22 2.6E-69 6.7E-68 
Tb927.6.2120 2.02 5.62 2.9E-140 3.1E-138 
Tb927.1.1830 2.02 4.12 1.0E-38 1.1E-37 
Tb927.11.15960 2.01 7.00 3.0E-128 2.5E-126 
Tb927.6.810 2.01 -0.70 1.7E-04 2.9E-04 
Tb927_09_v4.snoRNA.0107 2.01 2.40 2.2E-20 1.1E-19 
Tb927.8.2970 2.01 7.82 1.1E-126 9.3E-125 
Tb927.11.16770 2.00 6.71 6.0E-164 1.0E-161 
Tb927.1.1280 2.00 3.91 3.9E-21 2.0E-20 
Tb927.4.5090 1.99 0.06 3.8E-06 7.5E-06 
Tb927.10.13410 1.99 4.81 2.7E-63 6.2E-62 
Tb11.v5.0814 1.99 5.29 9.6E-69 2.4E-67 
Tb927.4.4980 1.99 6.68 1.1E-42 1.4E-41 
Tb927.10.9500 1.98 5.36 1.1E-74 3.1E-73 
Tb927.8.7120 1.98 7.66 3.3E-83 1.2E-81 
Tb927.1.4650 1.98 7.98 7.1E-32 5.9E-31 
Tb927.10.480 1.98 4.64 3.9E-42 4.7E-41 
Tb927.2.6350 1.98 2.13 8.4E-16 3.2E-15 
Tb927.10.9790 1.98 5.30 1.9E-61 4.1E-60 
Tb927.7.1090 1.98 7.04 6.9E-53 1.2E-51 
Tb11.v5.0315 1.98 4.69 6.3E-37 6.3E-36 
Tb927.9.7400 1.98 2.99 2.7E-35 2.6E-34 
Tb927.10.10770 1.97 8.37 4.8E-117 3.5E-115 
Tb927.6.1530 1.97 6.94 6.3E-106 3.6E-104 
Tb927.10.60 1.97 -0.08 1.6E-05 3.1E-05 
Tb927.4.1400 1.97 5.90 2.6E-75 7.6E-74 
Tb927.5.460 1.97 4.53 1.3E-16 5.1E-16 
Tb927.3.3730 1.97 7.75 1.5E-145 1.8E-143 
Tb927.4.4630 1.96 5.26 4.4E-50 6.7E-49 
Tb10.v4.0129 1.96 -0.29 2.2E-04 3.8E-04 
Tb927.8.7650 1.96 7.73 1.4E-97 6.9E-96 
Tb927.8.5590 1.95 6.91 2.6E-93 1.2E-91 
Tb927.7.6010 1.95 4.15 1.7E-34 1.5E-33 
Tb927.7.2090 1.95 2.99 1.5E-11 4.3E-11 
Tb927.4.380 1.95 6.60 1.8E-121 1.4E-119 
Tb927_09_v4.snoRNA.0055 1.95 1.57 1.2E-13 4.1E-13 
Tb927_09_v4.snoRNA.0017 1.95 -0.26 1.8E-04 3.0E-04 
Tb09.v4.0070 1.95 -0.16 1.6E-02 2.2E-02 
Tb927.7.7090 1.95 6.83 1.1E-141 1.2E-139 
Tb927.11.15490 1.95 6.84 2.8E-155 3.9E-153 
Tb927.1.3470 1.94 -0.06 4.2E-06 8.3E-06 
Tb927_08_v4.snoRNA.0040 1.94 1.06 1.2E-09 3.1E-09 
Tb11.v5.0375 1.94 3.61 1.7E-21 8.9E-21 
Tb927.9.10200 1.94 5.96 1.1E-132 1.1E-130 
231 
 
Tb927_09_v4.snoRNA.0072 1.94 -0.18 1.5E-04 2.5E-04 
Tb927.1.1470 1.94 4.55 1.2E-40 1.4E-39 
Tb927.7.7400 1.93 8.27 8.4E-57 1.6E-55 
Tb09.v4.0109 1.93 4.92 7.0E-44 9.0E-43 
Tb927.6.1300 1.93 0.96 2.7E-06 5.4E-06 
Tb927.8.2440 1.93 5.85 4.7E-122 3.8E-120 
Tb927.6.2590 1.93 5.93 4.2E-118 3.2E-116 
Tb927.10.2410 1.93 7.85 7.2E-122 5.8E-120 
Tb927.10.15610 1.92 5.89 5.0E-93 2.2E-91 
Tb927.10.13430 1.92 7.18 2.0E-81 6.7E-80 
Tb11.v5.0784 1.92 4.99 4.8E-52 7.8E-51 
Tb927.2.3280 1.92 5.89 4.4E-85 1.6E-83 
Tb927.4.4700 1.92 8.28 1.2E-47 1.8E-46 
Tb927_08_v4.snoRNA.0020 1.91 0.82 4.7E-09 1.2E-08 
Tb927.9.15820 1.91 4.16 7.5E-25 4.6E-24 
Tb927.1.1840 1.91 6.22 9.0E-54 1.5E-52 
Tb927.2.3720 1.91 4.46 4.5E-40 5.2E-39 
Tb927.7.6600 1.90 6.91 1.0E-67 2.5E-66 
Tb927.11.7010 1.90 5.18 6.4E-57 1.2E-55 
Tb927.7.6510 1.90 1.30 3.6E-12 1.1E-11 
Tb927.5.296b 1.90 4.64 4.3E-47 6.1E-46 
Tb927.11.10620 1.89 6.04 1.5E-89 6.2E-88 
Tb927.7.890 1.89 6.02 5.2E-94 2.3E-92 
Tb11.v5.0217 1.88 4.94 2.1E-49 3.2E-48 
Tb927.5.1120 1.88 6.62 1.8E-21 9.4E-21 
Tb927.11.7580 1.88 8.29 5.6E-118 4.2E-116 
Tb09.v4.0015 1.88 6.93 6.8E-78 2.1E-76 
Tb927.8.7850 1.88 7.50 6.0E-59 1.2E-57 
Tb927.3.5260 1.88 6.94 8.8E-115 6.2E-113 
Tb927_08_v4.snoRNA.0027 1.87 -0.37 1.7E-04 2.9E-04 
Tb927.5.1400 1.87 2.82 2.2E-35 2.1E-34 
Tb927_08_v4.snoRNA.0005 1.87 2.37 3.0E-14 1.0E-13 
Tb927.10.5490 1.87 6.59 6.2E-129 5.3E-127 
Tb927.8.6580 1.87 8.00 2.4E-111 1.6E-109 
Tb927.7.6300 1.87 3.73 1.1E-09 3.0E-09 
Tb11.v5.0343 1.87 3.64 1.8E-27 1.2E-26 
Tb927.9.2090 1.87 3.07 1.5E-10 4.0E-10 
Tb927.11.12620 1.87 6.61 4.8E-131 4.4E-129 
Tb927.9.12310 1.86 6.92 3.5E-162 5.8E-160 
Tb927_10_v4.snoRNA.0036:snoRNA 1.86 1.72 4.4E-12 1.3E-11 
Tb927.8.4680 1.86 7.09 1.0E-69 2.7E-68 
Tb927.9.16170 1.86 1.11 3.5E-05 6.3E-05 
Tb927.2.1890 1.85 6.12 4.7E-107 2.8E-105 
Tb927.3.1720 1.85 6.27 1.3E-98 6.7E-97 
Tb927.6.3210 1.85 5.11 8.9E-65 2.1E-63 
Tb927.3.5800 1.85 1.75 2.4E-16 9.4E-16 
232 
 
Tb927.5.297b 1.85 3.97 3.1E-51 5.0E-50 
Tb927.10.4160 1.85 6.52 5.2E-93 2.3E-91 
Tb11.v5.0345 1.85 4.55 5.1E-38 5.4E-37 
Tb927.9.1300 1.85 1.02 1.7E-08 4.1E-08 
Tb927.1.1290 1.84 2.95 8.1E-20 3.9E-19 
Tb927.2.3290 1.84 4.87 1.7E-49 2.6E-48 
Tb927_06_v4.snoRNA.0001 1.84 1.96 3.6E-12 1.1E-11 
Tb927.9.15580 1.84 4.64 1.4E-32 1.2E-31 
Tb927.6.3180 1.84 8.81 2.3E-90 9.6E-89 
Tb927.2.2070 1.84 3.80 3.5E-26 2.2E-25 
Tb927.7.5010 1.84 5.90 1.8E-94 8.3E-93 
Tb927.10.5250 1.83 5.58 2.7E-37 2.8E-36 
Tb927.3.710 1.83 7.31 4.8E-69 1.2E-67 
Tb927.9.15620 1.83 4.85 2.6E-33 2.3E-32 
Tb927.9.4180 1.83 3.34 3.4E-24 2.0E-23 
Tb927.9.14550 1.82 6.92 2.3E-46 3.2E-45 
Tb927_08_v4.snoRNA.0001 1.82 0.44 2.6E-06 5.2E-06 
Tb927.9.15870 1.82 6.60 6.9E-71 1.8E-69 
Tb927.9.2290 1.82 6.59 5.9E-87 2.3E-85 
Tb927.9.15540 1.81 4.35 1.4E-34 1.3E-33 
Tb09.v4.0013 1.81 5.53 9.5E-71 2.5E-69 
Tb927.6.3330 1.81 6.06 4.5E-103 2.4E-101 
Tb927.11.11540 1.81 6.55 2.6E-105 1.5E-103 
Tb11.v5.0462 1.81 1.78 7.5E-15 2.7E-14 
Tb927_08_v4.snoRNA.0025 1.80 0.57 2.0E-07 4.4E-07 
Tb927.10.1450 1.80 10.34 2.8E-34 2.5E-33 
Tb927.11.140 1.80 5.46 5.9E-74 1.7E-72 
Tb927.10.13040 1.80 8.13 2.0E-116 1.5E-114 
Tb11.v5.0413 1.80 2.65 5.4E-19 2.5E-18 
Tb927.10.12180 1.80 6.27 9.1E-88 3.5E-86 
Tb927.2.6210 1.80 4.08 8.7E-30 6.5E-29 
Tb927.11.19850 1.80 -0.15 1.7E-04 3.0E-04 
Tb927.11.10770 1.79 7.71 1.9E-130 1.8E-128 
Tb927.2.5680 1.79 1.29 1.3E-07 2.9E-07 
Tb927.10.13650 1.79 5.50 2.2E-63 5.0E-62 
Tb927.1.1480 1.79 3.84 2.9E-16 1.1E-15 
Tb927.11.5340 1.79 6.70 7.3E-77 2.2E-75 
Tb927.10.400 1.79 5.92 3.6E-50 5.6E-49 
Tb927.10.7820 1.78 5.75 2.9E-96 1.4E-94 
Tb927.6.3880 1.78 5.43 5.0E-39 5.5E-38 
Tb927.11.14790 1.78 6.74 2.9E-74 8.1E-73 
Tb927.6.1210 1.78 6.32 5.2E-94 2.4E-92 
Tb927.7.2140 1.78 7.70 3.4E-58 6.7E-57 
Tb927.8.3390 1.77 5.56 1.8E-45 2.5E-44 
Tb11.0050 1.77 -0.01 7.0E-05 1.2E-04 
Tb927.3.3950 1.77 6.72 3.1E-130 2.8E-128 
233 
 
Tb09.v4.0153 1.77 2.24 4.4E-15 1.6E-14 
Tb927.5.285b 1.77 6.07 4.6E-73 1.3E-71 
Tb927_09_v4.snoRNA.0113 1.77 1.31 8.7E-11 2.4E-10 
Tb927.6.4720 1.76 5.69 7.5E-26 4.8E-25 
Tb927.9.4160 1.76 3.63 5.5E-17 2.3E-16 
Tb09.v4.0083 1.75 1.95 8.6E-14 2.9E-13 
Tb927.2.3310 1.75 5.75 5.6E-49 8.3E-48 
Tb927.5.110 1.75 4.59 4.5E-39 4.9E-38 
Tb927.5.1440 1.75 4.53 3.3E-23 1.9E-22 
Tb927.10.8380 1.75 4.51 8.5E-37 8.5E-36 
Tb927.4.2670 1.75 6.36 3.0E-77 9.2E-76 
Tb927.7.6310 1.74 6.89 1.0E-72 2.8E-71 
Tb927.10.9720 1.74 6.72 1.9E-170 3.6E-168 
Tb927.3.550 1.74 0.99 1.0E-08 2.6E-08 
Tb927.5.3740 1.74 4.49 6.7E-20 3.3E-19 
Tb927.11.12100 1.74 7.84 2.2E-47 3.2E-46 
Tb927.9.12500 1.74 6.92 5.0E-103 2.7E-101 
Tb927.9.4150 1.74 1.29 3.1E-08 7.3E-08 
Tb927_09_v4.snoRNA.0100 1.74 2.33 1.6E-17 6.9E-17 
Tb927.4.5120 1.74 7.92 4.7E-67 1.1E-65 
Tb927.5.1420 1.74 4.61 7.3E-39 7.9E-38 
Tb927.3.4180 1.73 6.46 4.9E-111 3.2E-109 
Tb927.1.3540 1.73 3.62 1.1E-16 4.6E-16 
Tb927.5.3470 1.72 6.75 5.6E-43 7.0E-42 
Tb927.1.1820 1.72 6.58 1.4E-98 7.0E-97 
Tb927.11.6550 1.72 9.53 1.6E-90 6.8E-89 
Tb927.10.1000 1.72 5.61 4.5E-60 9.3E-59 
Tb927.11.170 1.72 7.97 7.7E-67 1.8E-65 
Tb10.v4.0216 1.72 2.85 2.7E-19 1.3E-18 
Tb927.3.2530 1.72 1.47 4.9E-11 1.4E-10 
Tb927.6.480 1.72 7.66 7.0E-22 3.7E-21 
Tb927.9.760 1.71 0.21 1.6E-05 3.0E-05 
Tb11.0550 1.71 6.07 2.0E-64 4.6E-63 
Tb927.4.5410 1.71 -0.03 2.3E-04 3.8E-04 
Tb09.v4.0111 1.71 4.39 9.6E-37 9.5E-36 
Tb11.v5.1041 1.71 5.59 8.9E-60 1.8E-58 
Tb11.v5.0232 1.71 4.59 1.4E-21 7.4E-21 
Tb927.2.3460 1.71 6.28 3.4E-48 5.0E-47 
Tb927.2.3270 1.71 5.83 6.9E-47 9.6E-46 
Tb927.10.500 1.71 3.96 7.3E-33 6.3E-32 
Tb927.3.4670 1.70 6.63 1.3E-86 4.8E-85 
Tb927.3.5190 1.70 5.93 2.4E-108 1.4E-106 
Tb927_09_v4.snoRNA.0056 1.70 3.40 8.7E-30 6.5E-29 
Tb10.v4.0245 1.70 3.59 1.2E-31 9.5E-31 
Tb927.4.2980 1.70 4.38 3.1E-58 6.0E-57 
Tb927.8.710 1.70 8.77 6.8E-35 6.4E-34 
234 
 
Tb927.9.590 1.70 0.41 2.2E-02 3.1E-02 
Tb11.0310 1.69 2.39 3.0E-06 6.1E-06 
Tb927.9.7290 1.69 3.98 2.8E-24 1.7E-23 
Tb927.9.8170 1.69 2.83 3.1E-06 6.2E-06 
Tb11.v5.0969 1.69 4.54 1.6E-48 2.3E-47 
Tb927.9.7950 1.69 5.84 3.1E-39 3.5E-38 
Tb927.11.9790 1.69 6.47 4.3E-74 1.2E-72 
Tb927.7.6420 1.69 7.69 8.3E-68 2.0E-66 
Tb11.v5.0346 1.68 4.32 8.9E-26 5.6E-25 
Tb927.6.3910 1.68 5.02 2.4E-35 2.3E-34 
Tb927.5.4620 1.68 2.70 1.5E-16 5.9E-16 
Tb927.10.12050 1.68 6.93 9.0E-77 2.7E-75 
Tb927.1.520 1.68 1.31 4.6E-09 1.2E-08 
Tb927.10.15770 1.68 6.06 2.4E-103 1.3E-101 
Tb11.v5.0731 1.68 8.50 5.6E-88 2.2E-86 
Tb927.1.600 1.68 6.46 6.3E-76 1.9E-74 
Tb11.v5.0209 1.68 7.29 2.5E-80 8.3E-79 
Tb927.8.7760 1.68 6.94 3.9E-98 1.9E-96 
Tb927.9.9400 1.67 6.21 2.4E-89 9.7E-88 
Tb927.9.1520 1.67 7.66 1.4E-74 3.9E-73 
Tb927.9.7370 1.67 3.68 3.8E-22 2.1E-21 
Tb07.11L3.90 1.67 6.25 6.6E-37 6.6E-36 
Tb11.v5.0307 1.67 5.93 4.9E-74 1.4E-72 
Tb927.10.1160 1.67 6.48 1.7E-78 5.3E-77 
Tb927.11.3460 1.67 6.58 3.9E-78 1.2E-76 
Tb927.10.3660 1.67 8.28 1.0E-80 3.4E-79 
Tb927.3.4960 1.67 7.71 1.1E-32 9.5E-32 
Tb927.8.5350 1.66 2.43 3.0E-17 1.3E-16 
Tb927.5.3130 1.66 5.31 3.6E-30 2.7E-29 
Tb927_08_v4.snoRNA.0029 1.66 0.15 1.8E-05 3.4E-05 
Tb927.10.11920 1.66 5.67 2.9E-54 5.1E-53 
Tb927.7.170 1.65 5.92 3.0E-74 8.6E-73 
Tb927_09_v4.snoRNA.0009 1.65 2.69 7.1E-17 2.9E-16 
Tb927.1.3550 1.65 4.99 1.3E-32 1.1E-31 
Tb927.10.100 1.65 4.80 2.7E-41 3.2E-40 
Tb927_10_v4.snoRNA.0018:snoRNA 1.65 3.15 5.1E-15 1.9E-14 
Tb10.v4.0163 1.65 -0.13 9.2E-03 1.3E-02 
Tb927.11.12280 1.65 6.21 4.9E-104 2.7E-102 
Tb927.10.5000 1.65 6.25 1.1E-49 1.7E-48 
Tb11.v5.1015 1.65 4.57 1.1E-34 9.7E-34 
Tb927.1.750 1.64 8.30 3.3E-80 1.1E-78 
Tb927.9.1710 1.64 6.67 2.3E-89 9.4E-88 
Tb927.11.16820 1.63 6.35 4.6E-83 1.6E-81 
Tb927.11.11280 1.63 7.37 2.8E-81 9.4E-80 
Tb927.9.4120 1.63 0.25 1.8E-03 2.8E-03 
Tb927.11.670 1.63 7.48 1.5E-100 7.9E-99 
235 
 
Tb927.11.2460 1.63 6.70 6.3E-51 9.9E-50 
Tb11.v5.0410 1.63 7.09 1.4E-25 9.0E-25 
Tb927.9.17270 1.63 -0.12 2.3E-03 3.5E-03 
Tb927.7.1810 1.63 0.95 1.2E-05 2.3E-05 
Tb927.11.15270 1.63 5.74 7.0E-52 1.1E-50 
Tb927.3.690 1.63 6.67 5.1E-90 2.1E-88 
Tb927.7.4850 1.63 5.66 3.6E-50 5.6E-49 
Tb927.11.9810 1.62 6.15 4.4E-118 3.3E-116 
Tb927.8.2820 1.62 8.61 5.1E-59 1.0E-57 
Tb927.3.3960 1.62 5.59 4.0E-36 3.9E-35 
Tb11.0890 1.62 7.18 5.3E-107 3.1E-105 
Tb927.5.3140 1.62 6.00 1.8E-63 4.0E-62 
Tb927.1.4360 1.62 -0.05 3.7E-04 6.2E-04 
Tb927.11.8430 1.62 6.54 4.0E-89 1.6E-87 
Tb927.10.4380 1.62 3.01 4.3E-25 2.7E-24 
Tb927.11.18010 1.62 0.24 1.0E-05 1.9E-05 
Tb927.7.6330 1.62 2.66 2.0E-06 4.0E-06 
Tb927.10.6220 1.62 7.16 2.0E-79 6.5E-78 
Tb927.5.2000 1.62 6.82 6.4E-31 5.1E-30 
Tb927.11.2960 1.62 5.25 1.1E-32 9.6E-32 
Tb927.11.2860 1.61 4.48 1.8E-19 8.4E-19 
Tb927.11.15450 1.61 10.33 8.3E-22 4.4E-21 
Tb927.10.12080 1.61 6.16 3.1E-65 7.2E-64 
Tb927.10.4770 1.61 7.48 3.3E-78 1.0E-76 
Tb11.v5.0881 1.61 6.79 6.2E-23 3.5E-22 
Tb927.9.12280 1.61 5.48 2.3E-59 4.6E-58 
Tb927.7.3970 1.60 6.73 9.5E-25 5.8E-24 
Tb927.8.1070 1.60 6.58 6.3E-52 1.0E-50 
Tb927.9.12360 1.60 6.52 1.5E-43 1.9E-42 
Tb927.3.740 1.60 7.84 7.6E-65 1.7E-63 
Tb927.7.3650 1.60 5.77 1.1E-51 1.7E-50 
Tb09_snoRNA_0079 1.60 3.06 2.9E-19 1.3E-18 
Tb927_08_v4.snoRNA.0028 1.60 -0.05 1.6E-04 2.8E-04 
Tb927.11.12140 1.60 3.43 9.9E-14 3.4E-13 
Tb927.10.10000 1.60 8.21 7.0E-72 1.9E-70 
Tb927.10.15350 1.59 7.45 9.1E-48 1.3E-46 
Tb927.9.1310 1.59 0.66 3.0E-06 6.1E-06 
Tb927.4.2380 1.59 6.47 1.3E-81 4.5E-80 
Tb11.v5.0167 1.59 5.52 6.8E-48 9.9E-47 
Tb927.4.5430 1.59 1.76 5.9E-09 1.5E-08 
Tb927.10.9490 1.59 4.87 2.3E-53 4.0E-52 
Tb11.v5.0747 1.59 0.23 4.6E-05 8.4E-05 
Tb927_08_v4.snoRNA.0030 1.59 0.55 5.3E-06 1.0E-05 
Tb927.10.9980 1.59 4.98 1.9E-54 3.3E-53 
Tb927.1.4880 1.59 3.15 3.4E-13 1.1E-12 
Tb927.11.2690 1.59 8.06 1.3E-36 1.3E-35 
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Tb927.8.780 1.59 6.77 1.6E-77 5.0E-76 
Tb927.1.880 1.58 8.09 1.0E-24 6.2E-24 
Tb927.8.7280 1.58 5.09 1.5E-55 2.7E-54 
Tb927_09_v4.snoRNA.0074 1.58 0.68 3.5E-06 7.0E-06 
Tb927.3.720 1.57 7.90 5.9E-69 1.5E-67 
Tb927.5.320 1.57 4.86 4.9E-43 6.1E-42 
Tb927.1.3370 1.57 1.38 4.0E-08 9.4E-08 
Tb927.9.1280 1.57 1.23 2.3E-08 5.6E-08 
Tb927.10.8440 1.57 7.86 1.1E-96 5.1E-95 
Tb927.3.3750 1.57 7.79 7.5E-53 1.2E-51 
Tb927.4.3320 1.57 7.08 1.1E-46 1.5E-45 
Tb927.10.14120 1.57 5.74 6.0E-93 2.6E-91 
Tb927.9.13200 1.56 6.44 9.7E-48 1.4E-46 
Tb927.7.6340 1.56 5.57 7.8E-27 5.1E-26 
Tb927.8.640 1.56 5.02 3.4E-49 5.0E-48 
Tb927.10.8470 1.56 6.61 1.8E-85 6.8E-84 
Tb927.5.292b 1.55 5.05 1.3E-23 7.4E-23 
Tb927.11.8250 1.55 5.24 1.2E-43 1.6E-42 
Tb927.9.15570 1.55 4.46 9.8E-33 8.4E-32 
Tb927.7.2270 1.55 6.64 8.6E-59 1.7E-57 
Tb927.8.5390 1.55 4.91 3.9E-46 5.4E-45 
Tb927.4.520 1.55 6.23 8.2E-66 1.9E-64 
Tb927.10.8460 1.54 5.17 7.9E-38 8.3E-37 
Tb927.11.1000 1.54 5.88 6.2E-37 6.2E-36 
Tb927.7.4390 1.54 7.19 1.5E-70 3.8E-69 
Tb927.10.14130 1.54 6.03 1.7E-79 5.4E-78 
Tb927.4.4620 1.54 8.11 8.9E-86 3.3E-84 
Tb927.11.14160 1.54 7.27 6.3E-50 9.7E-49 
Tb09_snoRNA_0076 1.53 2.78 2.2E-06 4.4E-06 
Tb09.v4.0104 1.53 0.38 1.9E-04 3.3E-04 
Tb927.7.6500 1.53 4.51 7.2E-28 5.0E-27 
Tb927.11.15740 1.53 6.53 5.1E-111 3.3E-109 
Tb927.4.170 1.53 4.62 2.6E-34 2.4E-33 
Tb11.v5.0309 1.53 6.38 1.4E-82 5.0E-81 
Tb11.v5.0833 1.53 6.11 1.0E-30 7.9E-30 
Tb11.v5.0330 1.53 6.97 5.0E-80 1.6E-78 
Tb927.5.1570 1.53 8.14 4.9E-75 1.4E-73 
Tb927.7.6550 1.53 4.63 7.9E-38 8.3E-37 
Tb927.7.2290 1.53 7.26 4.5E-62 9.6E-61 
Tb927_08_v4.snoRNA.0039 1.52 1.34 5.6E-08 1.3E-07 
Tb927.11.6400 1.52 7.51 7.3E-100 3.7E-98 
Tb11.v5.0407 1.52 4.39 1.2E-25 7.4E-25 
Tb927.9.5910 1.52 4.63 2.1E-20 1.0E-19 
Tb927.2.2090 1.52 7.59 1.3E-85 4.8E-84 
Tb927_08_v4.snoRNA.0024 1.52 4.39 3.1E-15 1.2E-14 
Tb927.11.16790 1.52 3.60 6.5E-12 2.0E-11 
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Tb927.11.5620 1.52 6.89 1.1E-71 3.0E-70 
Tb927.11.4240 1.51 5.74 3.9E-30 3.0E-29 
Tb927.11.8830 1.51 6.92 2.0E-131 1.8E-129 
Tb927.4.4010 1.51 1.96 4.2E-09 1.1E-08 
Tb927.2.2570 1.51 4.40 8.5E-16 3.2E-15 
Tb927.3.1780 1.50 5.78 3.7E-49 5.5E-48 
Tb927.5.4020 1.50 6.02 6.1E-21 3.1E-20 
Tb927.8.7600 1.50 8.10 3.0E-53 5.0E-52 
Tb927.7.6690 1.50 6.51 3.6E-50 5.6E-49 
Tb927.10.15620 1.50 2.92 2.1E-21 1.1E-20 
Tb927.10.4390 1.50 2.54 2.5E-10 6.8E-10 
Tb927.5.1850 1.50 7.66 6.2E-40 7.0E-39 
Tb927.5.2360 1.50 5.27 2.9E-28 2.0E-27 
Tb11.v5.0813 1.50 3.81 1.6E-30 1.2E-29 
Tb927.11.7090 1.50 5.99 1.1E-53 1.9E-52 
Tb927.6.110 1.50 2.38 3.4E-10 9.3E-10 
Tb09.v4.0149 1.50 4.86 5.0E-30 3.8E-29 
Tb927.7.6030 1.50 3.06 4.5E-14 1.5E-13 
Tb927.3.4640 1.49 6.17 6.8E-60 1.4E-58 
Tb927.11.13490 1.49 5.57 8.3E-82 2.9E-80 
Tb927.1.5050 1.49 4.89 9.4E-51 1.5E-49 
Tb927.1.2480 1.49 2.95 2.5E-13 8.1E-13 
Tb927.1.3110 1.49 6.87 3.2E-89 1.3E-87 
Tb927.7.610 1.49 9.11 2.6E-57 5.0E-56 
Tb927.10.11960 1.49 6.39 1.6E-58 3.1E-57 
Tb927.9.12370 1.49 3.55 3.7E-16 1.4E-15 
Tb927.10.12960 1.49 7.71 8.2E-44 1.1E-42 
Tb09.v4.0147 1.49 0.69 2.8E-05 5.1E-05 
Tb927.11.7000 1.49 4.70 1.3E-18 5.9E-18 
Tb927.10.6890 1.49 4.00 1.4E-31 1.1E-30 
Tb927_08_v4.snoRNA.0026 1.49 -0.40 2.3E-03 3.5E-03 
Tb927.4.710 1.48 6.25 3.1E-45 4.1E-44 
Tb927.7.440 1.48 3.88 2.2E-22 1.2E-21 
Tb927.11.13940 1.48 6.58 8.9E-48 1.3E-46 
Tb927.11.6680 1.48 7.65 1.3E-37 1.4E-36 
Tb927.10.1110 1.48 7.24 3.7E-63 8.2E-62 
Tb927.9.4990 1.48 5.67 4.3E-40 4.9E-39 
Tb927.9.10850 1.48 5.68 2.9E-39 3.2E-38 
Tb927.9.15590 1.48 5.29 1.4E-43 1.8E-42 
Tb927.11.19800 1.48 -0.13 5.7E-03 8.4E-03 
Tb927.11.5940 1.47 7.88 2.9E-55 5.2E-54 
Tb927.10.4880 1.47 7.17 1.9E-34 1.8E-33 
Tb927.5.3970 1.47 5.97 9.8E-63 2.2E-61 
Tb927.9.10650 1.47 6.95 4.8E-31 3.8E-30 
Tb927.5.2490 1.47 5.50 1.4E-83 4.9E-82 
Tb927.2.4230 1.47 11.25 3.5E-38 3.7E-37 
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Tb927.6.500 1.47 1.39 1.1E-06 2.3E-06 
Tb927.7.7470 1.46 7.60 1.0E-64 2.4E-63 
Tb927.11.12360 1.46 5.68 3.3E-79 1.1E-77 
Tb11.v5.0827 1.46 8.81 4.4E-39 4.8E-38 
Tb927.5.2500 1.46 6.77 1.3E-85 5.0E-84 
Tb927.8.2850 1.46 5.48 7.7E-40 8.8E-39 
Tb927.1.400 1.46 6.72 9.9E-45 1.3E-43 
Tb927.6.860 1.46 6.25 2.8E-25 1.7E-24 
Tb927.6.1660 1.46 6.97 1.8E-61 3.7E-60 
Tb927.6.3390 1.46 2.36 7.6E-10 2.0E-09 
Tb927.10.6490 1.46 7.01 6.1E-73 1.7E-71 
Tb927.6.640 1.45 5.79 7.9E-48 1.2E-46 
Tb11.v5.0868 1.45 6.10 1.6E-17 6.7E-17 
Tb927.9.15830 1.45 2.82 1.1E-13 3.6E-13 
Tb09.v4.0058 1.45 5.25 4.3E-51 6.8E-50 
Tb927.9.2853 1.45 3.71 1.9E-17 7.9E-17 
Tb927.6.2030 1.45 4.64 7.4E-17 3.0E-16 
Tb927.9.16890 1.45 -0.23 5.8E-04 9.5E-04 
Tb927.3.3380 1.45 6.00 1.6E-66 3.8E-65 
Tb927.4.4570 1.45 7.80 4.7E-72 1.3E-70 
Tb927.9.2840 1.45 5.44 4.4E-34 3.9E-33 
Tb11.v5.0308 1.44 2.93 7.7E-13 2.5E-12 
Tb11.v5.0331 1.44 2.73 1.6E-08 3.8E-08 
Tb11.v5.0368 1.44 1.84 1.3E-07 3.0E-07 
Tb927.11.12640 1.44 7.81 9.2E-92 3.9E-90 
Tb927.1.810 1.44 3.70 1.4E-17 6.1E-17 
Tb927.7.2920 1.44 2.70 2.0E-12 6.3E-12 
Tb10.v4.0071 1.44 1.26 1.3E-07 2.8E-07 
Tb927.11.1360 1.44 6.72 3.0E-94 1.4E-92 
Tb927.9.14650 1.43 3.73 4.4E-34 3.9E-33 
Tb927.11.6290 1.43 5.35 7.2E-48 1.0E-46 
Tb927.3.3160 1.43 6.82 8.3E-75 2.4E-73 
Tb927.11.20590 1.43 1.77 1.2E-08 2.9E-08 
Tb927.8.2470 1.43 6.80 3.7E-68 9.3E-67 
Tb927_09_v4.snoRNA.0033 1.43 1.63 4.1E-09 1.0E-08 
Tb927.7.6840 1.43 6.35 8.9E-34 8.0E-33 
Tb11.v5.0582 1.43 7.53 2.9E-55 5.1E-54 
Tb927.1.5090 1.43 2.12 4.0E-11 1.1E-10 
Tb927.1.1530 1.43 7.31 3.0E-44 3.9E-43 
Tb927.10.16200 1.43 2.06 3.5E-08 8.2E-08 
Tb927.10.3620 1.42 7.09 2.8E-80 9.2E-79 
Tb927.7.5970 1.42 7.25 1.2E-50 1.9E-49 
Tb11.v5.0761 1.42 6.74 7.2E-69 1.8E-67 
Tb927.10.14900 1.42 5.98 2.1E-55 3.7E-54 
Tb927.7.7140 1.42 5.96 1.6E-55 3.0E-54 
Tb927.10.7850 1.42 6.56 2.9E-43 3.7E-42 
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Tb927.7.2160 1.42 7.43 8.5E-66 2.0E-64 
Tb11.v5.0281 1.41 6.94 3.2E-62 7.0E-61 
Tb927_08_v4.snoRNA.0038 1.41 0.08 8.7E-04 1.4E-03 
Tb927.7.4360 1.41 6.08 2.1E-72 5.7E-71 
Tb927.4.400 1.41 6.89 1.8E-57 3.4E-56 
Tb927.8.4780 1.41 7.95 4.1E-20 2.0E-19 
Tb927.10.8510 1.41 3.59 3.3E-18 1.5E-17 
Tb927.6.4730 1.41 6.28 1.5E-56 2.8E-55 
Tb11.v5.0487 1.41 6.17 3.3E-91 1.4E-89 
Tb927_09_v4.snoRNA.0006 1.40 2.25 2.1E-12 6.4E-12 
Tb927.11.6520 1.40 5.76 6.8E-52 1.1E-50 
Tb927.10.15890 1.40 4.59 2.8E-29 2.0E-28 
Tb927.7.6190 1.40 6.42 3.7E-37 3.8E-36 
Tb927.9.6110 1.40 7.11 4.9E-80 1.6E-78 
Tb927.9.15520 1.40 5.43 1.3E-37 1.4E-36 
Tb927.2.3420 1.40 5.98 2.9E-16 1.1E-15 
Tb927.8.3590 1.40 6.81 9.0E-76 2.7E-74 
Tb927.6.3410 1.40 5.44 9.0E-47 1.3E-45 
Tb927.10.1200 1.39 6.25 1.4E-93 6.5E-92 
Tb927.7.6990 1.39 6.29 6.5E-69 1.7E-67 
Tb927.10.3710 1.39 7.88 2.1E-55 3.7E-54 
Tb927.10.890 1.39 8.38 4.7E-31 3.8E-30 
Tb927.11.12320 1.39 7.12 1.0E-70 2.7E-69 
Tb927.3.1650 1.38 2.67 1.3E-09 3.4E-09 
Tb927.11.5890 1.38 4.63 3.0E-33 2.6E-32 
Tb11.v5.0366 1.38 8.19 2.4E-31 2.0E-30 
Tb927.10.320 1.38 4.86 1.7E-36 1.7E-35 
Tb927.5.470 1.38 6.05 2.5E-24 1.5E-23 
Tb927.10.12200 1.38 5.57 2.8E-73 7.9E-72 
Tb927.10.15410 1.38 9.00 6.6E-45 8.8E-44 
Tb927.6.3830 1.37 5.80 2.4E-41 2.8E-40 
Tb927.9.12400 1.37 6.62 8.0E-56 1.5E-54 
Tb927.9.2860 1.37 2.81 2.4E-11 7.0E-11 
Tb927.9.16640 1.37 1.36 3.8E-05 6.9E-05 
Tb927.11.970 1.37 5.51 4.1E-57 7.8E-56 
Tb927.10.13570 1.37 2.10 1.4E-05 2.6E-05 
Tb927.1.2420 1.36 5.13 2.7E-45 3.6E-44 
Tb927.3.1640 1.36 3.17 3.9E-13 1.3E-12 
Tb927.6.290 1.36 5.32 2.1E-57 4.1E-56 
Tb927.10.12750 1.36 1.99 3.3E-09 8.5E-09 
Tb927.11.6390 1.36 8.13 1.1E-38 1.1E-37 
Tb11.v5.0799 1.36 6.14 1.3E-55 2.3E-54 
Tb927.1.4710 1.36 4.63 5.8E-28 4.0E-27 
Tb09.v4.0146 1.36 4.26 3.0E-20 1.5E-19 
Tb927_10_v4.snoRNA.0003:snoRNA 1.35 2.77 1.4E-12 4.3E-12 
Tb927.10.14000 1.35 8.26 1.8E-53 3.1E-52 
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Tb927.11.12130 1.35 5.08 1.1E-22 6.1E-22 
Tb927.3.4000 1.35 6.85 2.1E-43 2.6E-42 
Tb927.5.410 1.35 5.28 1.2E-31 1.0E-30 
Tb927.1.4520 1.35 6.35 6.6E-44 8.5E-43 
Tb11.v5.0534 1.35 5.57 1.1E-27 7.4E-27 
Tb927.3.3060 1.35 6.32 3.0E-35 2.8E-34 
Tb927.1.4850 1.35 1.55 2.5E-09 6.5E-09 
Tb927.3.1660 1.35 6.26 1.2E-32 9.9E-32 
Tb927.9.1680 1.35 5.83 4.6E-46 6.3E-45 
Tb927.7.5680 1.35 6.61 4.8E-27 3.2E-26 
Tb927.7.5400 1.35 4.95 2.0E-31 1.6E-30 
Tb11.v5.0221 1.34 5.83 5.7E-23 3.2E-22 
Tb927.5.3440 1.34 5.95 2.0E-61 4.2E-60 
Tb927.3.2460 1.34 5.74 2.8E-26 1.8E-25 
Tb927.8.800 1.34 7.43 3.0E-36 2.9E-35 
Tb927.3.2920 1.34 4.91 8.3E-41 9.7E-40 
Tb927.11.3080 1.34 7.36 3.2E-50 5.0E-49 
Tb11.0410 1.34 1.00 1.0E-04 1.8E-04 
Tb927.10.6410 1.34 8.28 2.0E-67 4.9E-66 
Tb927.8.960 1.34 2.60 2.6E-13 8.4E-13 
Tb11.v5.0129 1.34 1.10 5.4E-05 9.8E-05 
Tb927.9.4350 1.33 7.27 1.2E-90 5.0E-89 
Tb927.7.2180 1.33 6.76 1.7E-38 1.8E-37 
Tb927.7.160 1.33 5.34 2.9E-23 1.6E-22 
Tb927.11.3220 1.33 6.72 3.1E-53 5.2E-52 
Tb09.v4.0120 1.33 0.41 2.4E-03 3.6E-03 
Tb927.7.6700 1.33 6.07 1.5E-39 1.7E-38 
Tb927_10_v4.snoRNA.0019:snoRNA 1.33 1.42 6.8E-07 1.4E-06 
Tb927.9.4340 1.33 4.36 1.4E-15 5.2E-15 
Tb927.1.4530 1.33 4.77 1.3E-25 8.1E-25 
Tb11.0360 1.33 4.37 1.5E-24 8.9E-24 
Tb927.9.8400 1.33 6.86 7.3E-84 2.6E-82 
Tb927.11.15720 1.32 5.74 2.2E-44 2.8E-43 
Tb927.9.2390 1.32 7.21 3.7E-50 5.6E-49 
Tb927.4.1220 1.32 6.74 2.6E-55 4.6E-54 
Tb927.9.7330 1.32 5.24 7.0E-21 3.6E-20 
Tb927.2.2720 1.32 6.49 9.3E-40 1.0E-38 
Tb927.10.450 1.32 7.63 1.1E-52 1.9E-51 
Tb05.5K5.140 1.32 4.45 3.3E-13 1.1E-12 
Tb927.11.2930 1.32 7.68 9.1E-48 1.3E-46 
Tb927.4.2070 1.32 7.20 1.5E-23 8.7E-23 
Tb09.v4.0110 1.32 4.78 9.1E-23 5.0E-22 
Tb927.6.470 1.32 3.02 1.2E-15 4.7E-15 
Tb927.9.13430 1.32 5.31 2.3E-30 1.7E-29 
Tb927.1.2090 1.31 1.53 1.6E-05 3.0E-05 
Tb927.10.8970 1.31 5.70 4.3E-36 4.2E-35 
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Tb927.11.1170 1.31 6.45 3.9E-57 7.4E-56 
Tb927.1.2100 1.31 9.54 7.0E-37 7.0E-36 
Tb927.11.19150 1.31 0.36 9.5E-04 1.5E-03 
Tb927.11.14460 1.31 6.31 1.5E-50 2.3E-49 
Tb927.9.15490 1.31 6.07 3.7E-76 1.1E-74 
Tb927.7.380 1.31 3.46 7.2E-10 1.9E-09 
Tb927.5.3770 1.31 5.69 7.4E-50 1.1E-48 
Tb927.9.14600 1.31 5.64 7.4E-33 6.4E-32 
Tb927.10.3850 1.31 6.40 1.5E-34 1.3E-33 
Tb927.10.4950 1.30 6.10 2.1E-36 2.0E-35 
Tb927.1.4300 1.30 6.34 2.7E-51 4.4E-50 
Tb927.2.2770 1.30 6.80 2.2E-17 9.4E-17 
Tb927.9.12530 1.30 5.80 5.3E-42 6.5E-41 
Tb927.6.5090 1.30 7.07 1.2E-54 2.1E-53 
Tb927.11.2850 1.30 1.78 7.8E-06 1.5E-05 
Tb927.10.13140 1.30 5.88 5.6E-21 2.9E-20 
Tb927.9.12680 1.30 5.43 2.1E-39 2.3E-38 
Tb927_09_v4.snoRNA.0090 1.30 0.95 6.5E-05 1.2E-04 
Tb927.10.8520 1.30 3.13 1.4E-12 4.3E-12 
Tb927_10_v4.snoRNA.0078:snoRNA 1.30 1.65 2.1E-05 3.9E-05 
Tb927.10.7910 1.29 5.06 1.5E-47 2.2E-46 
Tb927.3.3690 1.29 8.17 1.6E-72 4.4E-71 
Tb927.6.4580 1.29 6.12 7.2E-16 2.8E-15 
Tb927.10.12790 1.29 6.34 2.5E-33 2.2E-32 
Tb927.9.16130 1.29 1.28 1.0E-05 1.9E-05 
Tb927.3.880 1.29 6.03 8.5E-45 1.1E-43 
Tb927.2.6130 1.29 7.24 3.5E-61 7.4E-60 
Tb927.11.1510 1.29 2.81 2.4E-10 6.5E-10 
Tb927.8.4750 1.29 1.71 3.0E-04 5.1E-04 
Tb927.9.5900 1.29 8.32 3.4E-33 2.9E-32 
Tb927.11.11930.2 1.29 2.70 3.1E-07 6.7E-07 
Tb927.10.12270 1.29 4.04 4.4E-12 1.4E-11 
Tb927.8.7690 1.28 4.08 4.6E-23 2.6E-22 
Tb927.10.4660 1.28 5.28 4.6E-37 4.7E-36 
Tb927.10.12800 1.28 6.51 6.2E-27 4.1E-26 
Tb927.9.8700 1.28 6.36 8.7E-52 1.4E-50 
Tb927.3.5670 1.28 3.08 1.4E-10 3.8E-10 
Tb927.11.12330 1.28 4.45 9.0E-24 5.3E-23 
Tb927.5.4150 1.28 7.11 1.1E-79 3.6E-78 
Tb927.7.690 1.28 6.12 2.0E-41 2.4E-40 
Tb927.10.11330 1.28 7.18 2.3E-61 4.9E-60 
Tb927.10.13690 1.28 4.24 2.2E-22 1.2E-21 
Tb11.v5.0701 1.28 5.22 5.4E-26 3.5E-25 
Tb927.11.16780 1.27 1.86 1.6E-06 3.3E-06 
Tb927.7.5340 1.27 6.53 1.7E-21 9.2E-21 
Tb927.6.240 1.27 1.62 2.6E-06 5.3E-06 
242 
 
Tb927.7.1380 1.27 5.81 1.8E-31 1.5E-30 
Tb927.1.1860 1.27 2.67 1.7E-10 4.6E-10 
Tb927.7.6220 1.27 5.57 4.2E-39 4.6E-38 
Tb927.10.4610 1.27 6.45 8.1E-61 1.7E-59 
Tb927.1.2060 1.27 0.82 1.7E-04 2.9E-04 
Tb927.10.13090 1.27 6.50 1.0E-14 3.6E-14 
Tb927.6.1450 1.27 6.42 1.3E-53 2.2E-52 
Tb927.4.4130 1.27 6.39 5.5E-79 1.7E-77 
Tb927.7.5920 1.27 6.39 3.2E-52 5.2E-51 
Tb927.6.530 1.26 4.67 3.3E-20 1.6E-19 
Tb927.3.3330 1.26 7.03 3.5E-49 5.3E-48 
Tb927.1.1850 1.26 5.24 3.0E-40 3.4E-39 
Tb927.8.6490 1.26 6.19 1.5E-44 2.0E-43 
Tb927.11.12070 1.26 5.58 2.8E-43 3.5E-42 
Tb927.11.7830 1.26 5.25 4.9E-45 6.5E-44 
Tb927_10_v4.snoRNA.0009:snoRNA 1.26 0.53 1.4E-03 2.2E-03 
Tb927.7.7160 1.26 7.21 6.8E-34 6.1E-33 
Tb927.9.670 1.26 3.22 9.5E-15 3.4E-14 
Tb11.v5.0663 1.26 5.39 1.6E-42 1.9E-41 
Tb927.7.2860 1.25 5.80 2.7E-30 2.1E-29 
Tb927_08_v4.snoRNA.0035 1.25 2.54 4.3E-09 1.1E-08 
Tb927.5.330 1.25 5.78 1.6E-47 2.3E-46 
Tb927.6.3660 1.25 5.99 4.7E-50 7.2E-49 
Tb927.8.5050 1.25 7.01 5.8E-57 1.1E-55 
Tb927.11.14750 1.25 6.58 1.8E-25 1.1E-24 
Tb927.3.3451 1.25 0.52 1.0E-03 1.6E-03 
Tb11.v5.0819 1.25 4.95 1.4E-29 1.0E-28 
Tb927.7.320 1.25 6.08 2.0E-42 2.4E-41 
Tb11.v5.0710 1.25 4.19 1.2E-23 7.0E-23 
Tb11.v5.0479 1.25 5.88 5.8E-46 7.8E-45 
Tb927.7.360 1.25 5.82 8.4E-28 5.8E-27 
Tb927.8.2730 1.25 6.98 1.9E-51 3.1E-50 
Tb11.v5.0198 1.25 8.15 2.5E-14 8.6E-14 
Tb927.9.15470 1.25 6.97 3.9E-84 1.4E-82 
Tb927.10.6200 1.25 5.25 1.7E-20 8.7E-20 
Tb927.6.320 1.25 3.24 1.3E-14 4.7E-14 
Tb927.8.4430 1.25 8.82 2.9E-53 4.8E-52 
Tb927.6.2040 1.25 6.16 5.1E-63 1.1E-61 
Tb927.4.2140 1.24 7.32 1.4E-61 3.0E-60 
Tb927.10.2210 1.24 6.51 5.5E-49 8.2E-48 
Tb927.5.130 1.24 4.76 2.9E-37 2.9E-36 
Tb927.1.2500 1.24 3.36 3.9E-10 1.0E-09 
Tb927.3.4830 1.24 6.17 8.9E-45 1.2E-43 
Tb927.1.2470 1.24 5.18 8.7E-28 6.0E-27 
Tb927.10.5890 1.24 6.56 4.0E-38 4.3E-37 
Tb927.7.4900 1.24 8.30 1.6E-30 1.2E-29 
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Tb927.4.5340 1.24 6.75 1.1E-50 1.7E-49 
Tb927.5.2620 1.24 5.81 7.7E-23 4.3E-22 
Tb927.8.5870 1.24 5.38 4.6E-55 8.2E-54 
Tb927.9.13770 1.24 6.96 4.3E-37 4.4E-36 
Tb927.11.7320 1.23 6.19 2.4E-62 5.3E-61 
Tb927.8.980 1.23 8.96 3.3E-56 6.0E-55 
Tb927.10.5150 1.23 4.76 1.7E-17 7.4E-17 
Tb927.7.750 1.23 6.71 2.2E-55 3.9E-54 
Tb927.6.1220 1.23 6.52 1.3E-46 1.8E-45 
Tb927.10.10210 1.23 4.81 9.6E-11 2.7E-10 
Tb927.3.4860 1.23 5.71 2.4E-47 3.5E-46 
Tb927.10.8050 1.23 6.10 1.9E-45 2.5E-44 
Tb927.3.1020 1.23 6.35 7.0E-57 1.3E-55 
Tb927.9.13060 1.23 6.54 1.3E-59 2.6E-58 
Tb10.v4.0059 1.23 -0.24 1.2E-02 1.7E-02 
Tb927.1.2530 1.23 3.73 4.2E-09 1.0E-08 
Tb927.1.1500 1.22 3.67 1.3E-07 3.0E-07 
Tb927.11.890 1.22 9.08 9.9E-54 1.7E-52 
Tb927.3.1260 1.22 5.61 1.9E-42 2.4E-41 
Tb927.7.6530 1.22 2.35 3.4E-07 7.3E-07 
Tb927.9.16050 1.22 0.64 2.0E-03 3.1E-03 
Tb927.10.580 1.22 4.94 1.0E-24 6.2E-24 
Tb927.9.4960 1.22 8.58 2.1E-29 1.6E-28 
Tb927.7.2870 1.22 5.24 1.0E-23 5.9E-23 
Tb927.7.2820 1.22 6.15 5.6E-40 6.4E-39 
Tb927.11.14710 1.22 6.28 3.9E-13 1.3E-12 
Tb927.9.12790 1.22 7.16 4.6E-36 4.5E-35 
Tb927.4.5400 1.22 1.59 9.4E-05 1.7E-04 
Tb927.9.8500 1.22 6.14 1.9E-23 1.1E-22 
Tb927.9.13360 1.22 7.60 2.7E-19 1.3E-18 
Tb927.7.2940 1.22 5.99 2.1E-33 1.8E-32 
Tb927.8.6170 1.22 8.29 1.5E-41 1.8E-40 
Tb10_snoRNA_0034:snoRNA 1.22 1.47 6.8E-06 1.3E-05 
Tb927.11.3310 1.21 7.66 5.5E-31 4.4E-30 
Tb11.0250 1.21 0.23 5.1E-03 7.6E-03 
Tb927.10.13840 1.21 6.48 3.0E-72 8.0E-71 
Tb927.1.1870 1.21 0.84 5.1E-04 8.5E-04 
Tb927.2.3160 1.21 5.84 2.5E-56 4.6E-55 
Tb927.8.5580 1.21 8.32 1.3E-23 7.3E-23 
Tb927.9.4130 1.21 1.32 1.2E-04 2.1E-04 
Tb927.7.2330 1.21 7.57 2.1E-24 1.2E-23 
Tb927.10.8950 1.21 3.64 6.2E-07 1.3E-06 
Tb11.v5.0738 1.21 5.00 1.5E-31 1.3E-30 
Tb927.2.5320 1.21 3.56 7.8E-10 2.0E-09 
Tb09.v4.0119 1.21 5.50 1.3E-25 8.5E-25 
Tb927.1.3820 1.21 5.38 4.0E-29 2.9E-28 
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Tb927.4.2080 1.21 8.39 2.8E-43 3.5E-42 
Tb927.6.2190 1.21 5.22 2.9E-30 2.2E-29 
Tb927_10_v4.snoRNA.0011:snoRNA 1.21 1.19 8.6E-05 1.5E-04 
Tb927.8.2660 1.21 7.37 4.3E-39 4.8E-38 
Tb11.v5.0471 1.21 5.76 5.4E-29 3.9E-28 
Tb927.1.2520 1.21 3.52 1.4E-10 3.9E-10 
Tb11.v5.0251 1.21 6.02 4.5E-67 1.1E-65 
Tb927.1.820 1.20 5.98 9.7E-59 1.9E-57 
Tb927.10.8450 1.20 4.75 1.6E-20 8.2E-20 
Tb927.1.4890 1.20 6.36 7.5E-39 8.1E-38 
Tb09.v4.0065 1.20 5.83 6.4E-26 4.1E-25 
Tb927.10.6050 1.20 9.53 7.3E-16 2.8E-15 
Tb927.3.520 1.20 4.24 2.0E-22 1.1E-21 
Tb927.1.2460 1.20 3.33 3.4E-09 8.6E-09 
Tb927.11.rRNA_1 1.20 5.77 6.1E-09 1.5E-08 
Tb927.7.2850 1.20 5.48 1.3E-22 7.2E-22 
Tb927.11.10540 1.20 8.29 9.3E-63 2.0E-61 
Tb927.7.2900 1.20 2.01 2.9E-07 6.3E-07 
Tb927.11.7610 1.20 3.64 2.1E-20 1.0E-19 
Tb927.10.840 1.20 7.77 6.2E-22 3.3E-21 
Tb11.v5.0985 1.20 4.62 1.8E-28 1.3E-27 
Tb927.10.14210 1.20 6.39 4.8E-27 3.2E-26 
Tb927.10.6040 1.20 7.69 2.6E-21 1.4E-20 
Tb927.10.7720 1.20 5.63 4.1E-34 3.7E-33 
Tb927.2.3580 1.20 8.31 5.9E-22 3.2E-21 
Tb09.v4.0059 1.19 1.69 1.2E-04 2.0E-04 
Tb11.v5.0333 1.19 5.79 5.7E-57 1.1E-55 
Tb927.5.4490 1.19 4.09 7.2E-17 3.0E-16 
Tb927.7.2810 1.19 6.35 8.6E-41 1.0E-39 
Tb927.1.2430 1.19 6.62 2.8E-27 1.9E-26 
Tb927.9.15480 1.19 5.07 9.0E-29 6.4E-28 
Tb11.v5.0702 1.19 4.27 6.9E-17 2.8E-16 
Tb927.7.2880 1.19 1.03 3.0E-04 5.0E-04 
Tb927_09_v4.snoRNA.0066 1.19 0.24 3.0E-03 4.6E-03 
Tb927.8.3990 1.19 6.84 5.0E-40 5.7E-39 
Tb927_10_v4.snoRNA.0074:snoRNA 1.19 1.01 2.6E-03 4.0E-03 
Tb11.v5.0222 1.19 5.60 1.2E-36 1.2E-35 
Tb927.9.14660 1.19 3.64 5.6E-13 1.8E-12 
Tb927.7.2840 1.19 6.11 7.4E-27 4.9E-26 
Tb927.9.720 1.19 4.19 6.8E-19 3.1E-18 
Tb927.11.5900 1.18 4.53 7.0E-20 3.4E-19 
Tb927.3.3700 1.18 4.34 2.1E-13 7.0E-13 
Tb927.4.3770 1.18 5.82 3.9E-14 1.3E-13 
Tb927.5.2730 1.18 5.62 1.7E-45 2.3E-44 
Tb927.9.9410 1.18 6.23 2.6E-52 4.3E-51 
Tb927.10.13390 1.18 4.61 2.1E-26 1.4E-25 
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Tb927.9.6470 1.18 6.14 1.7E-34 1.6E-33 
Tb927.10.2250 1.18 6.85 2.5E-43 3.2E-42 
Tb927.4.4240 1.18 2.34 1.3E-06 2.7E-06 
Tb927.7.2830 1.18 5.62 2.4E-20 1.2E-19 
Tb927.1.800 1.18 3.40 3.2E-07 7.1E-07 
Tb927.10.14100 1.18 5.57 1.5E-26 9.6E-26 
Tb927.6.4050 1.18 5.36 1.4E-34 1.2E-33 
Tb927.1.1930 1.18 7.86 4.5E-18 2.0E-17 
Tb927.5.480 1.18 5.09 5.3E-16 2.0E-15 
Tb927.6.3550 1.18 7.49 1.1E-39 1.2E-38 
Tb927.1.4860 1.18 2.41 7.8E-08 1.8E-07 
Tb927.4.4900 1.18 7.03 2.1E-51 3.4E-50 
Tb927.2.2140 1.18 4.40 7.1E-15 2.6E-14 
Tb927.11.300 1.18 5.81 5.3E-19 2.4E-18 
Tb927.9.15640 1.17 5.80 5.8E-23 3.2E-22 
Tb927.9.16100 1.17 -0.31 1.9E-02 2.7E-02 
Tb927.9.12300 1.17 6.80 4.1E-34 3.7E-33 
Tb927.4.1230 1.17 7.42 2.0E-54 3.4E-53 
Tb927.9.5920 1.17 4.35 7.5E-15 2.7E-14 
Tb927_08_v4.snoRNA.0023 1.17 4.25 7.2E-07 1.5E-06 
Tb927.3.1410 1.17 7.21 8.1E-39 8.8E-38 
Tb927.2.1460 1.17 -0.05 1.4E-02 2.0E-02 
Tb927.3.2710 1.17 6.96 1.1E-59 2.3E-58 
Tb927.10.9620 1.17 1.88 8.1E-05 1.4E-04 
Tb927.9.6500 1.17 3.79 3.1E-18 1.4E-17 
Tb927.10.13940 1.17 3.62 6.8E-17 2.8E-16 
Tb927.10.310 1.17 7.54 6.9E-35 6.5E-34 
Tb11.0350 1.17 5.60 5.3E-45 7.1E-44 
Tb927.10.2120 1.17 4.58 1.5E-22 8.3E-22 
Tb927.10.780 1.17 5.74 2.8E-41 3.3E-40 
Tb927.11.2450 1.17 4.15 2.8E-03 4.2E-03 
Tb927.8.7260 1.17 7.46 2.0E-53 3.4E-52 
Tb927.10.11890 1.16 6.61 1.6E-78 5.0E-77 
Tb927.8.550 1.16 5.91 1.7E-15 6.5E-15 
Tb927.6.2740 1.16 8.74 5.8E-40 6.6E-39 
Tb927.10.14110 1.16 5.22 2.3E-08 5.4E-08 
Tb927.11.8340 1.16 3.79 5.4E-12 1.6E-11 
Tb927.7.2930 1.16 4.72 4.4E-19 2.0E-18 
Tb927.8.3510 1.16 5.00 3.7E-30 2.8E-29 
Tb927.7.330 1.16 5.86 2.8E-19 1.3E-18 
Tb927.1.620 1.16 2.18 5.3E-07 1.1E-06 
Tb927.2.1443 1.16 0.76 1.6E-03 2.5E-03 
Tb927.10.8480 1.16 6.69 4.4E-40 5.0E-39 
Tb11.v5.0532 1.16 4.95 2.8E-29 2.1E-28 
Tb927.11.7212 1.16 6.40 1.8E-23 1.1E-22 
Tb11.02.5070b 1.16 6.36 3.7E-21 1.9E-20 
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Tb09.v4.0148 1.16 3.77 2.6E-11 7.5E-11 
Tb927.9.7060 1.15 5.73 8.1E-32 6.7E-31 
Tb927.5.2120 1.15 7.49 1.4E-24 8.6E-24 
Tb927_10_v4.snoRNA.0005:snoRNA 1.15 1.50 2.1E-06 4.2E-06 
Tb927.11.7800 1.15 8.00 5.3E-24 3.1E-23 
Tb927.11.14540 1.15 6.10 5.1E-59 1.0E-57 
Tb927.6.780 1.15 2.78 6.4E-06 1.2E-05 
Tb11.v5.0197 1.15 8.60 7.5E-17 3.1E-16 
Tb927.2.3340 1.15 4.54 1.3E-12 4.2E-12 
Tb927.2.1380 1.15 5.32 7.4E-29 5.3E-28 
Tb927.5.630 1.15 8.45 6.5E-42 7.9E-41 
Tb11.1040 1.15 1.91 2.6E-02 3.5E-02 
Tb927.11.11940 1.15 6.31 1.2E-53 2.1E-52 
Tb927.8.3910 1.15 5.26 8.2E-39 8.9E-38 
Tb927.10.4400 1.15 3.93 1.1E-16 4.4E-16 
Tb927.10.2010 1.14 10.46 9.2E-38 9.7E-37 
Tb927.8.3370 1.14 5.14 5.4E-31 4.3E-30 
Tb10.v4.0215 1.14 3.75 1.4E-13 4.6E-13 
Tb11.0370 1.14 2.88 1.8E-09 4.7E-09 
Tb927.6.800 1.14 4.65 2.7E-10 7.2E-10 
Tb927.9.15850 1.14 4.74 8.8E-18 3.8E-17 
Tb927.10.2660 1.14 6.40 2.4E-58 4.8E-57 
Tb927.10.4200 1.14 6.83 1.7E-45 2.2E-44 
Tb927.7.5800 1.14 4.76 1.9E-21 1.0E-20 
Tb11.v5.0171 1.14 7.60 9.3E-22 4.9E-21 
Tb927.7.6250 1.14 5.97 2.9E-58 5.8E-57 
Tb11.v5.0220 1.14 4.63 2.0E-17 8.6E-17 
Tb927.6.2580 1.14 5.82 2.6E-59 5.3E-58 
Tb927.11.10900 1.14 7.11 3.5E-63 7.8E-62 
Tb927.11.7760 1.14 2.99 5.1E-11 1.5E-10 
Tb927.11.5090 1.14 6.95 3.5E-43 4.3E-42 
Tb927.9.11830 1.14 6.93 2.1E-80 7.1E-79 
Tb927.8.4650 1.14 5.49 1.9E-28 1.3E-27 
Tb927.10.70 1.13 5.14 5.8E-23 3.2E-22 
Tb927_10_v4.snoRNA.0027:snoRNA 1.13 1.20 1.3E-04 2.3E-04 
Tb927.10.13320 1.13 6.01 1.4E-36 1.4E-35 
Tb927.6.3090 1.13 7.75 1.8E-45 2.4E-44 
Tb927.9.9390 1.13 7.17 5.3E-59 1.1E-57 
Tb927.3.5650 1.13 6.42 2.9E-51 4.6E-50 
Tb927.9.1600 1.13 6.77 2.3E-31 1.9E-30 
Tb927.1.2440 1.13 4.75 5.9E-19 2.7E-18 
Tb927.11.7040 1.13 6.71 6.9E-35 6.5E-34 
Tb927.9.11980 1.13 3.15 3.3E-10 8.8E-10 
Tb927.11.7940 1.13 5.80 1.5E-19 7.2E-19 
Tb927.7.4110 1.13 6.23 3.1E-35 2.9E-34 
Tb927.10.3400 1.13 3.48 4.5E-05 8.2E-05 
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Tb927.10.650 1.13 6.16 7.3E-43 9.0E-42 
Tb927.6.3100 1.12 7.71 3.5E-48 5.0E-47 
Tb927.4.880 1.12 6.05 2.0E-50 3.1E-49 
Tb927.7.2910 1.12 1.84 7.1E-06 1.4E-05 
Tb927.9.660 1.12 1.40 1.2E-04 2.1E-04 
Tb927.9.10430 1.12 6.19 8.6E-37 8.6E-36 
Tb927.11.5270 1.12 7.18 1.1E-61 2.3E-60 
Tb927.7.1840 1.12 0.34 6.5E-03 9.5E-03 
Tb927.1.2510 1.12 4.42 2.9E-08 6.9E-08 
Tb927.1.2560 1.12 2.13 1.5E-05 2.8E-05 
Tb05.5K5.260 1.12 1.92 3.6E-06 7.1E-06 
Tb927.9.7870 1.12 5.03 7.4E-23 4.1E-22 
Tb927.11.3140 1.12 7.22 2.1E-58 4.2E-57 
Tb927.4.440 1.12 4.70 1.2E-18 5.4E-18 
Tb927_05_v4.snoRNA.0002 1.12 2.89 9.3E-07 2.0E-06 
Tb927.6.4570 1.11 6.01 5.6E-26 3.6E-25 
Tb11.v5.0226 1.11 4.50 1.7E-14 6.1E-14 
Tb927.7.2420 1.11 4.05 1.4E-13 4.5E-13 
Tb927.10.750 1.11 6.23 2.7E-30 2.1E-29 
Tb927.11.11900 1.11 8.33 3.0E-48 4.4E-47 
Tb927.4.460 1.11 7.28 7.2E-23 4.0E-22 
Tb927.8.3940 1.11 5.01 1.1E-30 8.2E-30 
Tb11.0190 1.11 0.54 6.1E-03 9.0E-03 
Tb927.4.2760 1.11 7.33 5.7E-42 6.9E-41 
Tb927.11.19030 1.11 2.63 4.9E-07 1.1E-06 
Tb927.10.6850 1.11 6.23 4.2E-47 5.9E-46 
Tb927.8.2700 1.11 5.94 2.4E-24 1.4E-23 
Tb927.10.2170 1.11 3.96 1.8E-11 5.4E-11 
Tb927.7.500 1.11 7.26 4.1E-30 3.1E-29 
Tb927.2.6070 1.11 6.56 2.1E-62 4.6E-61 
Tb927.11.13470 1.10 6.41 2.4E-47 3.4E-46 
Tb927.8.4180 1.10 5.10 2.7E-19 1.3E-18 
Tb11.v5.0472 1.10 4.77 2.8E-16 1.1E-15 
Tb927.5.2960 1.10 7.81 1.1E-48 1.7E-47 
Tb927.6.3850 1.10 5.84 6.6E-16 2.6E-15 
Tb927.10.13340 1.10 4.36 1.3E-07 2.9E-07 
Tb927.11.15160 1.10 6.78 8.2E-16 3.1E-15 
Tb11.v5.0733 1.10 4.09 2.7E-08 6.4E-08 
Tb927.8.1590 1.10 8.19 1.8E-12 5.7E-12 
Tb927.7.4120 1.10 7.09 4.0E-44 5.2E-43 
Tb927.1.2030 1.10 0.69 6.0E-03 8.8E-03 
Tb927.2.5350 1.10 3.53 2.5E-11 7.3E-11 
Tb927.11.12040 1.10 6.72 7.6E-21 3.9E-20 
Tb927.9.15920 1.10 2.26 5.1E-05 9.2E-05 
Tb927.10.7090 1.09 8.21 8.8E-20 4.2E-19 
Tb927.8.7770 1.09 6.47 1.2E-36 1.2E-35 
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Tb927.4.4940 1.09 6.74 5.0E-19 2.3E-18 
Tb11.v5.0369 1.09 1.73 2.1E-04 3.6E-04 
Tb927.2.5120 1.09 5.87 3.2E-29 2.3E-28 
Tb927.3.2890 1.09 7.02 5.4E-31 4.3E-30 
Tb927.10.14910 1.09 6.86 2.1E-55 3.8E-54 
Tb927.8.910 1.09 3.32 7.5E-07 1.6E-06 
Tb927.9.6560 1.09 7.32 9.8E-13 3.1E-12 
Tb927.11.16610 1.09 7.31 2.1E-58 4.1E-57 
Tb927.4.3580 1.09 4.28 2.0E-14 7.2E-14 
Tb927.6.187 1.09 5.08 2.0E-11 5.8E-11 
Tb927.4.5220 1.09 6.75 8.1E-59 1.6E-57 
Tb927.2.1160 1.08 3.99 7.5E-18 3.3E-17 
Tb927.3.2490 1.08 7.76 1.2E-24 7.5E-24 
Tb11.v5.0654 1.08 4.24 1.2E-19 5.9E-19 
Tb927.9.10000 1.08 5.95 7.2E-29 5.2E-28 
Tb927.4.4540 1.08 5.27 4.6E-37 4.6E-36 
Tb11.v5.0753 1.08 6.58 8.4E-26 5.3E-25 
Tb927.2.1140 1.08 5.33 5.7E-27 3.8E-26 
Tb927.8.3600 1.08 4.49 4.0E-16 1.6E-15 
Tb927.4.4390 1.08 6.69 1.7E-31 1.4E-30 
Tb927.8.4510 1.08 6.65 4.6E-55 8.2E-54 
Tb927.10.3680 1.08 6.69 2.4E-44 3.1E-43 
Tb927.6.390 1.08 4.49 1.6E-23 9.1E-23 
Tb927.3.5760 1.08 5.29 6.8E-22 3.6E-21 
Tb927.11.16260 1.08 7.01 2.5E-30 2.0E-29 
Tb927.5.1590 1.07 5.56 3.6E-29 2.6E-28 
Tb927.2.720 1.07 0.75 9.5E-03 1.4E-02 
Tb927.6.790 1.07 5.06 1.1E-25 7.1E-25 
Tb927.9.2810 1.07 3.15 2.1E-10 5.9E-10 
Tb11.v5.0716 1.07 6.11 8.2E-50 1.3E-48 
Tb927.5.1450 1.07 7.24 7.2E-30 5.4E-29 
Tb927_05_v4.snoRNA.0001 1.07 2.84 4.4E-08 1.0E-07 
Tb927.11.11240 1.07 5.51 1.3E-46 1.8E-45 
Tb927.9.2250 1.07 6.22 8.3E-40 9.4E-39 
Tb927.4.4070 1.07 7.08 7.9E-44 1.0E-42 
Tb927.1.1270 1.07 5.37 4.8E-31 3.8E-30 
Tb927.9.8000 1.07 8.70 9.2E-38 9.7E-37 
Tb927_10_v4.snoRNA.0056:snoRNA 1.07 0.19 5.0E-03 7.4E-03 
Tb927.6.200 1.07 7.66 1.7E-40 2.0E-39 
Tb927.11.15840 1.07 7.95 7.5E-44 9.6E-43 
Tb09.v4.0010 1.07 3.85 1.8E-10 4.9E-10 
Tb927.11.7750 1.07 3.80 8.2E-12 2.5E-11 
Tb927.2.2120 1.06 6.78 6.5E-44 8.3E-43 
Tb927.8.5160 1.06 7.23 2.1E-44 2.8E-43 
Tb927.1.2540 1.06 3.28 2.5E-06 5.0E-06 
Tb927.11.2230 1.06 8.24 1.2E-40 1.4E-39 
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Tb927.6.2490 1.06 6.70 3.3E-38 3.5E-37 
Tb927.11.1500 1.06 3.66 4.4E-11 1.3E-10 
Tb11.v5.0830 1.06 5.85 1.7E-26 1.1E-25 
Tb927.9.4320 1.06 2.95 3.6E-07 7.9E-07 
Tb927.6.3620 1.06 6.54 9.5E-53 1.6E-51 
Tb927.10.12540 1.06 6.44 7.8E-21 4.0E-20 
Tb09.v4.0009 1.06 5.36 2.0E-24 1.2E-23 
Tb927.5.2910 1.06 4.90 1.6E-15 5.9E-15 
Tb927.7.7540 1.06 7.30 2.9E-25 1.8E-24 
Tb927.10.10100 1.06 6.65 2.4E-71 6.3E-70 
Tb927.7.5650 1.06 5.77 6.2E-29 4.4E-28 
Tb927.9.15380 1.06 6.66 1.0E-57 2.0E-56 
Tb927.11.15800 1.06 7.59 9.0E-45 1.2E-43 
Tb11.v5.0357 1.06 5.35 2.9E-28 2.0E-27 
Tb927.11.1950 1.06 4.99 1.5E-17 6.4E-17 
Tb927.3.2440 1.06 6.21 4.0E-28 2.8E-27 
Tb927.4.270 1.06 0.70 6.5E-03 9.5E-03 
Tb927.9.13150 1.06 5.98 1.9E-29 1.4E-28 
Tb927.1.5130 1.05 0.36 5.8E-03 8.6E-03 
Tb927.1.5060 1.05 5.85 4.0E-36 3.9E-35 
Tb927.9.1970 1.05 6.02 4.3E-30 3.3E-29 
Tb927.9.1500 1.05 8.10 5.9E-41 6.9E-40 
Tb927.2.1510 1.05 1.29 1.8E-03 2.7E-03 
Tb927.2.5630 1.05 7.81 7.5E-46 1.0E-44 
Tb927.11.6380 1.05 5.09 2.3E-12 7.2E-12 
Tb927.4.1790 1.05 4.19 4.0E-03 5.9E-03 
Tb927.1.3560 1.05 7.44 3.8E-42 4.6E-41 
Tb927.11.5860 1.05 5.50 2.6E-33 2.3E-32 
Tb927.11.15180 1.05 7.32 4.8E-13 1.6E-12 
Tb11.0380 1.05 5.44 6.2E-29 4.4E-28 
Tb927.11.14720 1.05 5.93 3.3E-43 4.1E-42 
Tb927.7.2680 1.05 7.20 3.5E-16 1.4E-15 
Tb927.6.1030 1.04 1.86 1.2E-04 2.1E-04 
Tb11.v5.0632 1.04 4.89 9.3E-22 4.9E-21 
Tb927.11.18870 1.04 0.56 9.8E-03 1.4E-02 
Tb09.v4.0161 1.04 -0.51 3.1E-02 4.2E-02 
Tb927.6.2530 1.04 3.82 7.0E-11 2.0E-10 
Tb927.7.5240 1.04 6.70 9.7E-63 2.1E-61 
Tb927.1.2450 1.04 5.01 1.8E-14 6.5E-14 
Tb927.11.13760 1.04 5.46 9.2E-26 5.8E-25 
Tb927.5.1660 1.04 7.61 4.4E-46 6.0E-45 
Tb927.4.230 1.04 7.25 5.7E-35 5.4E-34 
Tb927.2.5500 1.04 7.99 3.1E-47 4.4E-46 
Tb927.10.90 1.04 0.84 3.3E-03 5.0E-03 
Tb927.3.1630 1.04 4.21 2.0E-13 6.6E-13 
Tb11.01.2730 1.04 8.21 3.2E-22 1.7E-21 
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Tb927.5.2010 1.04 6.60 2.0E-27 1.3E-26 
Tb927_05_v4.snoRNA.0003 1.04 3.03 3.8E-08 8.8E-08 
Tb927.8.880 1.04 7.07 1.2E-27 8.1E-27 
Tb927.7.6290 1.04 7.11 4.8E-31 3.9E-30 
Tb927.7.3060 1.04 6.08 5.7E-29 4.1E-28 
Tb927.8.3840 1.03 7.42 3.3E-46 4.6E-45 
Tb927.5.1950 1.03 6.17 3.6E-43 4.4E-42 
Tb927.11.13260.2 1.03 3.47 1.4E-09 3.7E-09 
Tb927.9.12870 1.03 4.99 1.1E-23 6.3E-23 
Tb927.10.13540 1.03 6.58 1.6E-30 1.2E-29 
Tb927.9.6540 1.03 5.15 5.4E-14 1.8E-13 
Tb927.11.1570 1.03 6.26 5.2E-31 4.2E-30 
Tb927.10.6660 1.03 3.22 1.8E-08 4.4E-08 
Tb927.9.8030 1.03 5.72 4.7E-21 2.4E-20 
Tb11.v5.0603 1.03 4.23 2.9E-11 8.5E-11 
Tb927.3.3422 1.03 1.11 5.8E-03 8.6E-03 
Tb11.v5.0451 1.03 4.45 7.0E-10 1.8E-09 
Tb927.6.600 1.03 5.25 2.7E-09 6.8E-09 
Tb11.v5.0686 1.03 6.20 1.0E-39 1.1E-38 
Tb927.10.1780 1.03 5.37 4.9E-28 3.4E-27 
Tb927.8.7710 1.03 6.75 4.2E-43 5.2E-42 
Tb927.5.1390 1.03 5.18 4.5E-26 2.9E-25 
Tb927.7.3900 1.03 6.78 1.1E-34 1.0E-33 
Tb10.v4.0221 1.03 4.50 4.5E-15 1.7E-14 
Tb09.v4.0042 1.03 1.61 6.9E-04 1.1E-03 
Tb927.9.8010 1.03 1.75 1.9E-05 3.6E-05 
Tb927.10.15150 1.02 5.98 5.4E-36 5.2E-35 
Tb927.3.4660 1.02 6.45 1.2E-46 1.7E-45 
Tb927.8.6240 1.02 9.11 3.0E-29 2.2E-28 
Tb927.11.15730 1.02 5.79 8.7E-27 5.7E-26 
Tb927.2.3320 1.02 6.47 3.4E-37 3.5E-36 
Tb927.10.5860 1.02 6.93 3.1E-20 1.5E-19 
Tb927.8.2720 1.02 6.39 9.5E-29 6.8E-28 
Tb927.10.870 1.02 7.23 1.9E-27 1.3E-26 
Tb927.8.7750 1.02 7.66 2.8E-35 2.6E-34 
Tb927.8.660 1.02 5.35 9.5E-25 5.8E-24 
Tb927.11.1490 1.02 2.35 5.1E-06 1.0E-05 
Tb927.11.150 1.01 6.47 6.1E-30 4.6E-29 
Tb927.1.480 1.01 7.04 1.7E-30 1.4E-29 
Tb927.10.16160 1.01 4.89 2.2E-17 9.4E-17 
Tb927.9.13100 1.01 6.18 2.0E-32 1.7E-31 
Tb927_10_v4.snoRNA.0012:snoRNA 1.01 0.91 1.5E-03 2.3E-03 
Tb927.3.5370 1.01 7.90 5.1E-31 4.1E-30 
Tb927.1.3670 1.01 5.70 1.6E-26 1.0E-25 
Tb927.4.3940 1.01 6.86 1.8E-29 1.3E-28 
Tb927.3.3340 1.01 6.84 1.7E-45 2.3E-44 
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Tb927.10.10490 1.01 2.86 2.7E-06 5.5E-06 
Tb927_08_v4.snoRNA.0010 1.00 0.36 5.0E-03 7.4E-03 
Tb927.8.7810 1.00 5.60 2.2E-28 1.6E-27 
Tb927.2.1200 1.00 7.45 2.1E-36 2.0E-35 
Tb927.9.7200 1.00 5.94 8.5E-42 1.0E-40 
Tb927.10.13610 1.00 6.34 1.4E-19 6.9E-19 
Tb927.7.3200 -1.02 6.05 4.8E-27 3.2E-26 
Tb927.11.3070 -1.02 7.25 1.4E-31 1.2E-30 
Tb927.5.3830 -1.02 7.70 3.2E-30 2.5E-29 
Tb927.11.620 -1.02 6.74 1.7E-22 9.1E-22 
Tb11.v5.0550 -1.01 6.17 3.6E-26 2.3E-25 
Tb927.10.6020 -1.01 6.01 3.8E-07 8.3E-07 
Tb927.10.14010 -1.01 7.27 4.7E-31 3.8E-30 
Tb927.10.9020 -1.01 5.73 5.3E-23 3.0E-22 
Tb11.v5.0391 -1.01 5.90 1.2E-21 6.4E-21 
Tb927.1.830 -1.01 6.46 2.1E-34 1.9E-33 
Tb927.9.3260 -1.01 2.20 1.5E-03 2.4E-03 
Tb927.9.5730 -1.01 8.59 3.3E-38 3.6E-37 
Tb927.10.8610 -1.01 6.40 4.1E-28 2.8E-27 
Tb11.v5.0531 -1.01 11.00 9.2E-40 1.0E-38 
Tb927.10.13290 -1.01 6.94 3.8E-53 6.3E-52 
Tb11.v5.0508 -1.01 4.45 1.2E-14 4.4E-14 
Tb927.8.1860 -1.01 6.88 1.3E-27 8.8E-27 
Tb927.9.11110 -1.00 7.94 1.5E-17 6.5E-17 
Tb927.11.12490 -1.00 6.10 3.2E-23 1.8E-22 
Tb927.3.960 -1.00 7.38 9.6E-30 7.2E-29 
Tb927.11.12780 -1.00 5.23 1.8E-21 9.2E-21 
Tb927.10.5620 -1.00 11.48 6.9E-43 8.6E-42 
Tb927.11.5600 -1.00 5.57 3.3E-17 1.4E-16 
Tb927.11.12200 -1.00 5.83 2.1E-23 1.2E-22 
Tb927.9.11750 -1.00 5.49 1.2E-25 7.8E-25 
Tb927.10.2470 -1.00 6.87 3.4E-28 2.4E-27 
Tb927.10.1250 -1.00 6.56 6.1E-31 4.8E-30 
Tb11.v5.0277 -1.00 6.29 2.9E-32 2.5E-31 
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Supplementary Table B-2. A complete list of significantly enriched (p-value < 0.01) Kyoto 
Encyclopedia of Genes and Genomes (KEGG) pathways for differentially expressed transcripts 
induced by glucose depletion. 
  PathwayID Name - log (P-value) 
Upregulated 
ec00401__PK__KEGG Novobiocin biosynthesis 2.09 
ec00230__PK__KEGG Purine metabolism 2.23 
ec00020__PK__KEGG Citrate cycle (TCA cycle) 2.23 
Downregulated 
ec00970__PK__KEGG Aminoacyl-tRNA biosynthesis 6.12 
ec00010__PK__KEGG Glycolysis / Gluconeogenesis 5.32 
ec00710__PK__KEGG Carbon fixation in photosynthetic organisms 5.24 
ec00270__PK__KEGG Cysteine and methionine metabolism 4.01 
ec00860__PK__KEGG Porphyrin and chlorophyll metabolism 3.74 
ec00030__PK__KEGG Pentose phosphate pathway 3.34 
ec00627__PK__KEGG Aminobenzoate degradation 3.19 
ec00624__PK__KEGG Polycyclic aromatic hydrocarbon degradation 2.83 
ec00360__PK__KEGG Phenylalanine metabolism 2.80 
ec00450__PK__KEGG Selenocompound metabolism 2.78 
ec00253__PK__KEGG Tetracycline biosynthesis 2.61 
ec00981__PK__KEGG Insect hormone biosynthesis 2.55 
ec00350__PK__KEGG Tyrosine metabolism 2.55 
ec00130__PK__KEGG Ubiquinone and other terpenoid-quinone biosynthesis 2.48 
ec00062__PK__KEGG Fatty acid elongation 2.26 




Supplementary Table B-3. A complete list of significantly enriched (p-value < 0.01) GO terms for 
differentially expressed transcripts induced by glucose depletion. 
 




GO:0009986 cell surface 2.14E-11 
GO:0000786 nucleosome 4.23E-08 
GO:0044815 DNA packaging complex 2.59E-07 
GO:0000785 chromatin 3.61E-07 
GO:0032993 protein-DNA complex 4.70E-07 
GO:0031224 intrinsic component of membrane 2.36E-05 
GO:0016021 integral component of membrane 2.36E-05 
GO:0044427 chromosomal part 0.0001216 
GO:0005886 plasma membrane 0.0003185 
GO:0005694 chromosome 0.0004746 
GO:0044425 membrane part 0.0005681 
GO:0016020 membrane 0.0008156 
GO:0071944 cell periphery 0.0009029 
Molecular function 
GO:0046982 protein heterodimerization activity 9.04E-08 
GO:0046983 protein dimerization activity 4.30E-07 
GO:0016829 lyase activity 4.66E-05 
GO:0016849 phosphorus-oxygen lyase activity 9.66E-05 
GO:0022891 substrate-specific transmembrane transporter activity 0.0002813 
GO:0022892 substrate-specific transporter activity 0.0003027 
GO:0005215 transporter activity 0.0003064 
GO:0005275 amine transmembrane transporter activity 0.0008004 
Biological Process 
GO:0007009 plasma membrane organization 7.67E-07 
GO:0050789 regulation of biological process 4.46E-06 
GO:0060255 regulation of macromolecule metabolic process 9.71E-06 
GO:0010608 posttranscriptional regulation of gene expression 1.21E-05 
GO:0006820 anion transport 1.56E-05 
GO:0065007 biological regulation 1.74E-05 
GO:0019222 regulation of metabolic process 2.54E-05 
GO:0010468 regulation of gene expression 3.34E-05 
GO:0010256 endomembrane system organization 4.99E-05 
GO:0015711 organic anion transport 5.86E-05 
GO:0009190 cyclic nucleotide biosynthetic process 6.72E-05 
GO:0009187 cyclic nucleotide metabolic process 6.72E-05 
GO:0046942 carboxylic acid transport 8.97E-05 
GO:0015849 organic acid transport 8.97E-05 
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GO:0044765 single-organism transport 0.0001587 
GO:0007155 cell adhesion 0.000228 
GO:0071705 nitrogen compound transport 0.0002467 
GO:1902578 single-organism localization 0.0002669 
GO:0022610 biological adhesion 0.0003262 
GO:0055085 transmembrane transport 0.0004595 
GO:0006842 tricarboxylic acid transport 0.0008809 
GO:0015746 citrate transport 0.0008809 
GO:0019889 pteridine metabolic process 0.0008809 
GO:0009165 nucleotide biosynthetic process 0.0009748 






GO:0044424 intracellular part 3.26E-14 
GO:0005622 intracellular 4.60E-14 
GO:0044464 cell part 2.59E-13 
GO:0005623 cell 2.59E-13 
GO:0020015 glycosome 3.53E-13 
GO:0005777 peroxisome 8.46E-13 
GO:0042579 microbody 8.46E-13 
GO:0043231 intracellular membrane-bounded organelle 1.35E-12 
GO:0043227 membrane-bounded organelle 2.37E-12 
GO:0005832 chaperonin-containing T-complex 4.31E-10 
GO:0005575 cellular component 1.46E-09 
GO:0044445 cytosolic part 1.50E-09 
GO:0005737 cytoplasm 3.86E-09 
GO:0005829 cytosol 5.31E-09 
GO:0044444 cytoplasmic part 1.26E-08 
GO:0031975 envelope 2.79E-08 
GO:0031967 organelle envelope 2.79E-08 
GO:0043229 intracellular organelle 3.27E-08 
GO:0005852 eukaryotic translation initiation factor 3 complex 9.95E-08 
GO:0005634 nucleus 1.02E-07 
GO:0019866 organelle inner membrane 2.78E-07 
GO:0043226 organelle 4.74E-07 
GO:0005743 mitochondrial inner membrane 7.67E-07 
GO:0031966 mitochondrial membrane 1.14E-06 
GO:0005740 mitochondrial envelope 1.43E-06 
GO:0031090 organelle membrane 1.50E-06 
GO:0044455 mitochondrial membrane part 6.02E-06 
255 
 
GO:0005853 eukaryotic translation elongation factor 1 complex 8.06E-06 
GO:0098798 mitochondrial protein complex 6.26E-05 
GO:0045259 proton-transporting ATP synthase complex 8.46E-05 
GO:0005753 
mitochondrial proton-transporting ATP synthase 
complex 8.46E-05 
GO:0031301 integral component of organelle membrane 0.0001195 
GO:0031300 intrinsic component of organelle membrane 0.0001195 
GO:0012505 endomembrane system 0.0001257 
GO:0005783 endoplasmic reticulum 0.0002155 
GO:0005730 nucleolus 0.0004654 
Molecular function 
GO:0051082 unfolded protein binding 3.38E-17 
GO:0003674 molecular function 1.82E-14 
GO:0097159 organic cyclic compound binding 1.43E-10 
GO:1901363 heterocyclic compound binding 1.43E-10 
GO:0003723 RNA binding 3.28E-09 
GO:0016875 ligase activity, forming carbon-oxygen bonds 4.67E-09 
GO:0004812 aminoacyl-tRNA ligase activity 4.67E-09 
GO:0016876 
ligase activity, forming aminoacyl-tRNA and related 
compounds 4.67E-09 
GO:0008135 translation factor activity, RNA binding 1.28E-08 
GO:0005488 binding 3.27E-08 
GO:0003824 catalytic activity 1.69E-07 
GO:1901265 nucleoside phosphate binding 3.06E-07 
GO:0000166 nucleotide binding 3.06E-07 
GO:0036094 small molecule binding 5.01E-07 
GO:0004370 glycerol kinase activity 1.42E-06 
GO:0003676 nucleic acid binding 2.08E-06 
GO:0017076 purine nucleotide binding 4.71E-06 
GO:0035639 purine ribonucleoside triphosphate binding 9.13E-06 
GO:0001882 nucleoside binding 9.60E-06 
GO:0001883 purine nucleoside binding 9.60E-06 
GO:0032549 ribonucleoside binding 9.60E-06 
GO:0032550 purine ribonucleoside binding 9.60E-06 
GO:0032555 purine ribonucleotide binding 1.01E-05 
GO:0097367 carbohydrate derivative binding 1.06E-05 
GO:0032553 ribonucleotide binding 1.06E-05 
GO:0003743 translation initiation factor activity 1.67E-05 
GO:0004576 oligosaccharyl transferase activity 2.11E-05 
GO:0030554 adenyl nucleotide binding 2.31E-05 
GO:0005524 ATP binding 4.66E-05 
GO:0044822 poly(A) RNA binding 5.05E-05 
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GO:0003729 mRNA binding 5.05E-05 
GO:0043168 anion binding 5.08E-05 
GO:0032559 adenyl ribonucleotide binding 5.15E-05 
GO:0050661 NADP binding 6.70E-05 
GO:0030515 snoRNA binding 9.98E-05 
GO:0008238 exopeptidase activity 0.0001499 
GO:0003746 translation elongation factor activity 0.0002817 
GO:0008892 guanine deaminase activity 0.0003122 
GO:0004422 hypoxanthine phosphoribosyltransferase activity 0.0003122 
GO:0051287 NAD binding 0.000425 
GO:0043167 ion binding 0.0004479 
GO:0016874 ligase activity 0.0005254 
GO:0016408 C-acyltransferase activity 0.0006253 
GO:0004177 aminopeptidase activity 0.0007536 
GO:0016810 
hydrolase activity, acting on carbon-nitrogen (but not 





Supplementary Figure 3.1. A simplified map of the pXS6-derived plasmid pXU. The open reading frame 
of luciferase gene (LUC) was inserted using BamHI and XhoI. 5’UTRs were introduced between ClaI and 
BamHI. 3’UTRs were placed immediate downstream of the stop codon using BamHI and one of other 
enzymes (SalI, HindIII, or XmaI) in multiple cloning site (MCS). The transcription of luciferase was driven 
by a ribosome RNA (rRNA) promoter. AIR, aldolase intergenic region; TβαIR, intergenic region between 
tubulin subunit β and α; BSD, blasticidin S deaminase gene. 
 
Supplementary Figure 3.2. BF cells are viable in the presence of 5 µg/mL of blasticidin for at least a day. 
(A) Growth curve of BF T. brucei cells in HMI9 with or without 5 µg/mL of blasticidin added. Bars 
indicate standard deviation. (B) Assessment of the viability of cells during the treatment by propidium 
iodide staining. bla, blasticidin. 
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Supplementary Figure 3.3. The secondary structures of the wild type and variants of COXVI 3’UTR 
modeled by the RNAstructure web server (Reuter and Mathews 2010). SLI, the first stem-loop structure 
(77 - 97) in COXVI 3’UTR; SLII, the second stem-loop structure (99 - 124) in COXVI 3’UTR; sSLII, the 12 
nucleotides (106 - 117) at the apex of the second stem-loop; WT, the wild type structure of COXVI 3’UTR; 
60, COXVI 3’UTR with the first 60 nucleotides removed; 120, COXVI 3’UTR with the first 120 
nucleotides removed; sSLII, COXVI 3’UTR with the sSLII removed; SLI, COXVI 3’UTR with SLI 




Supplementary Figure 3.4. The secondary structures of the mutations on the second stem-loop of COXVI 
3’UTR compared to the wild type, modeled by the RNAstructure web server (Reuter and Mathews 2010). 
WT, the wild type structure of the whole COXVI 3’UTR or that of the second stem-loop; U114A, mutation 
of uracil 114 in the COXVI 3’UTR into adenine; LoopU, mutation of guanine 110 and 113 into uracils; 
LoopG, mutation of uracil 111 and 112 into guanine; G118U, mutation of guanine 118 into uracil; G109C, 
mutation of guanine 109 into cytosine. 
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Supplementary Figure 3.5. Comparison of the gene regulation induced by glucose depletion on relative 
transcript abundance in BF parasites to those triggered by blasticidin (5 μg/mL), phloretin (100 μM) or 2-
DOG (12.5 mM). The phloretin and 2-DOG data is adapted from (Haanstra et al. 2011) of cells treated for 
24 hours (A), and 48 hours (B). Error bars indicate standard deviations in triplicate for glucose-depletion 
treatment and blasticidin treatment, whereas they indicate standard errors of the means in triplicate for 
phloretin treatment.  
-Glc, glucose depletion treatment; +Bla, blasticidin treatment; +Phlo, phloretin treatment; +2-DOG, 2-DOG 
treatment; HK1, hexokinase 1; THT1, glucose transporter 1; THT2, glucose transporter 2; PGI, glucose-6-
phosphate isomerase; ALD, Fructose-bisphosphate aldolase; PGKC, Phosphoglycerate kinase C; PGKB, 
Phosphoglycerate kinase B; PYK, pyruvate kinase;, ATP-dependent phosphofructokinase; PYK, pyruvate 
kinase; GAPDH, Glyceraldehyde 3-phosphate dehydrogenase; EP, EP procyclin; GPEET, GPEET 




Supplementary Figure 3.6. Stem-loops sequential and structurally similar to the second stem-loop of 
COXVI 3’UTR was found in a subset of transcripts upregulated by glucose depletion, modeled by the 
RNAstructure web server (Reuter and Mathews 2010). PAD2, protein associated with differentiation 2; 
HK1, hexokinase 1; CS, citrate synthase; COXVII, cytochrome oxidase subunit VII; COXVII, cytochrome 
oxidase subunit VIII. 
 
